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INTRODUCTION 
Moisture content is a key quality characteristic of 
corn. Increased moisture reduces storage life (Saul, 1967). 
High moisture corn is also more prone to harvest damage 
(Johnson and Lamp, 1966). Kline (1972) stated that there 
is a direct relationship between kernel damage during 
harvest and moisture content. 
In the United States system of trading grain by weight, 
moisture content is a key element of information. Both 
grain buyers and grain sellers have a vested interest in 
obtaining accurate moisture measurements since market 
value of corn is tied closely to the measured moisture con­
tent. One point of excess moisture is presently worth about 
6 cents per bushel discount (Hurburqh, 1981a). 
In the grain trade, electronic moisture meters are used 
for most moisture content determinations. These meters 
provide a fast indication of moisture content. But meters 
do not sense moisture directly; rather they measure an 
electrical property related to moisture content. Most modern 
electronic meters measure dielectric (capacitance) proper­
ties of the grain. 
For the past three years, Iowa State University has been 
working on moisture measurements in corn to improve the 
accuracy of moisture meters. The previous attention has 
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focused, with some successes, on calibration bias. In addi­
tion to calibration bias, the meters are also subject to 
considerable random variability (random discrepancy between 
two measures of the same quantity) when compared to oven 
test readings. Several grain properties, among them 
variety, harvest damage, and drying temperature, appear to 
cause variability in moisture readings. 
The purpose of this research is to study some possible 
sources of random variability. What makes meters vary from 
sample to sample? An improvement in meter accuracy could 
have significant benefits to grain producers and dealers. 
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LITERATURE REVIEW 
The determination of moisture content is probably one 
of man's earliest acts of chemical analysis. Procedures 
for moisture determination may be found among the oldest 
of scientific papers (Hall, 1980). 
Methods for determining moisture content of agricul­
tural products can be classified as being either direct or 
indirect. Direct methods include the oven methods, distil­
lation methods, and chemical methods. Most present direct 
methods depend on absolute drying of the sample by appli­
cation. of heat. 
Indirect methods involve measurement of some property 
of the material which is dependent upon moisture content. 
The direct methods are accepted as standards for calibra­
tion (the ascertainment of an instrument or indicator in 
comparison to a correct standard) of indirect methods 
(Hurburgh, 1981a). Dielectric (capacitance), electrical re­
sistance, gas pressure, thermal conductivity, and nuclear 
methods are examples of the indirect methods. 
Direct Methods 
All methods of moisture determination are somewhat 
empirical. Direct methods may not be any more accurate 
than the indirect methods. One cannot be certain that 
all water is removed from the sample. Some of the 
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water in organic materials is present in forms which 
are more or less tightly bound by strong physical forces 
(Zeleny and Hunt, 1962). Examples include proteins, high 
molecular weight carbohydrates, and other colloidal 
materials. Furthermore, when testing organic materials 
with either oven or distillation methods, heat must be 
applied. This heat may lead to decomposition of dry mat­
ter constituents. Volatile constituents of the dry matter 
may also be driven off, causing errors in moisture measure­
ments. 
Hart and Neustadt (1957) stated that moisture is dif­
ficult to measure accurately because the relationship be­
tween water and dry matter is not static. There is a 
dynamic equilibrium between the water and the grain holding 
it. 
It is not the purpose of this research to discuss at 
great length the relative shortcomings of the direct methods 
of moisture determination. Of greater value is to point out 
the importance of defining the procedure by which moisture 
determinations are made. 
Oven methods 
Oven methods involve heating a sample of grain for a 
prescribed time at a prescribed temperature. The moisture 
content is calculated knowing the initial sample weight and 
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the weight lost during drying. Use of this method assumes 
that the sample weight loss during drying equals the 
original weight of the water in the sample. 
According to Hunt and Pixton (1974), it is difficult 
if not impossible to remove all moisture from most biologi­
cal materials without concurrently driving off small quanti­
ties of other volatile substances and/or causing decomposi­
tion of some of the constituents. This decomposition 
results in formation and release of moisture not initially 
present. 
There are several air-oven procedures for moisture 
determination of various materials. Standard procedures 
have been drawn up by organizations interested in each 
material. In the case of grain, the U.S. Department of Agri­
culture has specified air-oven procedures in the Official 
Grain Standards of the United States (USDA, 1976). For 
corn, this method requires heating the whole grain in an 
air-oven for 72 hours at 103 C. Table 1 summarizes methods 
of moisture content determination of corn used by various 
professional organizations and societies, both national and 
international. 
The official reference standard has been changed over 
the past thirty years, requiring a corresponding change in 
the calibrations of the electronic meter used in federal in­
spections (Sitzmann, 1980). A history of USDA oven 
Table 1. Official methods of various countries and technical societies for 
moisture determination of corn^ (Hunt and Pixton, 1974) 
AACC^ AOAC° USDA^ USSR CANADA ENGLAND FRANCE lACC® ISO^ EEC^ 
Corn, whole to
 
H
 
W
 1 1 2,13 4,5,11 2,13 9 
Corn, ground 6,10 6,10 — 4,5,11 — 1,6,7 3,8,12 8,12 8,12 8 
Key to numbers in table; 1) Air oven, 103°C for 3 h; 2) Air oven, 
103°C for 72 h; 3) Air oven, 102°C for 17 h constant weight-corrective for 
relative humidity; 4) Air oven, 105°C for 30 min, plus 130°C for 40 min; 
5) Air oven, 130°C for 40 min; 6) Air oven, 130°C for 1 h; 7) Air oven, 
130°C for 2 h; 8) Air oven, 130°C for 4 h; 9) Air oven, 130°C for 38 h; 
10) Vacuum oven, 70°C at 5 h or constant weight; 11) Vacuum oven, 105°C for 
30 min plus 130°C for 1 h; 12) Glass drying tube, at 10 to 20 mm Hg pressure, 
temperature of 45° to 50°C, with as desiccant; 13) Model 919 moisture 
meter (Motomco, CAE, Halross). 
^American Association of Cereal Chemists. 
^Association of Official Analytical Chemists. 
^United States Department of Agriculture. 
^International Association for Cereal Chemistry. 
^International Standardization Organization. 
^European Economic Community. 
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procedures is presented in Table 2. 
Several researchers have studied different methods 
for moisture determination. Oxley and Pixton (1960) 
studied the moisture content values obtained by five dif­
ferent oven methods in common use for a number of non-
oily cereal grains at different moisture levels. The 
results showed that the values obtained for moisture con­
tent of a grain sample given by various methods were dif­
ferent and the amount of differences between the methods 
was influenced by the type of grain being investigated. 
The difference was less for high-protein hard wheats, 
parboiled rice, and flint maize than it was for the soft 
wheats, milled rice, dent maize, oats or barley. Hence, 
it was concluded that differences among several commonly-
used oven methods were dependent not only on the type of 
grain, but also on the variety. 
Matthews (1962) compared the differences between 
measured moisture content of three varieties of wheat 
and one variety of barley by using air oven at 130 C 
for 1 h (ground grain), and at 130 C for 16 h (whole 
grain). No error (difference between measured moisture 
content and the calculated values for the corresponding 
samples from the measured initial moisture content) 
greater than 0.3 points was observed when the 16 h method 
was used, but the maximum discrepancies of 0.5 points 
Table 2. Summary of major changes in USDA oven pro­
cedures (Sitzmann, 1980) 
Version Oven type Sample dishes 
1935 Water-jacketed —^ 
at pressure of 
760 mm 
1941 Water-jacketed 
at pressure of 
760 mm 
1959 Gravity-convec­
tion or mechani­
cal-convection 
(forced draft) 
type 
Heavy gage 
aluminum 
55 mm diameter 
15 mm height 
1976' 
1978' 
Gravity-convec-
tion or mechani­
cal-convection 
(forced draft) 
type 
Gravity-convec­
tion or mechani­
cal-convection 
(forced draft) 
type 
Heavy gage aluminum 
55 mm diameter 
15 mm height 
Heavy gage aluminum 
55 mm diameter 
15 ram height 
^Not available. 
^Presently used standards. 
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Sample weight Temperature Drying time 
Fill the sample 
dish 
99 to 100°C 96 h plus 24 h periods 
until weight loss is 
constant (i.e. change 
in moisture content 
due to the additional 
24 h of drying must 
be ^ .05%) 
Fill the sample 
dish nearly full 
99 to 100°C 96 h 
15 g 103 ± 1°C 72 h 
15 g for corn 103 ± 1°C 72 h 
325% moisture content 
100 g for corn 
>25% moisture content 
15 g 103 ± I'C 72 h 
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appeared with determinations using the 1-h method. The 
comparison between these two methods showed the method 
using ground grain to give high results at lower mois­
ture content, possibly because of moisture gain during 
grinding, and low results when the moisture content was 
high. 
Warner and Browne (1963) found that random errors in­
volved in the oven methods of moisture determination of 
grain led to discrepancies of up to 0.5 points when using 
duplicate or triplicate samples. The change of moisture 
content during the weighing of the sample can be reduced 
by using larger samples. Effect of sample position can be 
up to 0.2 point of moisture within a shelf and 0.4 points 
within an oven and differences between shelf means can be 
up to 0.2 points and between oven means 0.2 points accord­
ing to this study. 
Bern and Olson (1976) reported that the oven method 
of moisture content determination (USDA, 1976) is con­
sidered the most accurate. However, it is slow and com­
plex. 
A one-stage ground-grain air-oven (130 C for 4 h) method 
for corn moisture determination was developed at Iowa State 
University by Paynter and Hurburgh (1982). The American 
Association of Cereal Chemists also recognizes a ground-
grain method (AACC, 1970), but an expensive laboratory mill 
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is required. The AACC method also requires a two-stage 
procedure to prevent moisture loss in grinding samples above 
16% moisture. The one-stage retains the advantage of ground 
grain testing and still is usable over the entire range of 
moisture percentages. An ordinary food blender is used 
for grinding samples. The laboratory procedure of this 
method can be summarized as follows: 
(1) 
( 2 )  
(3) 
(4) 
Distillation methods 
In the distillation methods, the sample is heated in 
some nonaqueous liquid (methyl benzene). Moisture is de­
termined either by measuring the volume of water distilled 
and condensed from the grain, or by determination of the 
weight loss of the sample. 
Grind about 15 g of corn sample for one minute on 
the lowest speed of the blender, then for one 
minute on the highest speed. 
Let the sample equilibrate for 10 minutes after 
grinding. 
Empty the ground sample into a tared dish. Weigh 
the dish. 
Heat in a forced-air oven maintained at 130 C for 
4 h. Reweigh the dish and calculate percent 
moisture as; 
% ' ::: • 
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One of the early distillation methods was the Brown-
Duvel method (Brown and Duvel, 1907). This method requires 
heating the whole grain sample in oil. Water vapor dis­
tilled from the oil is condensed and collected in a gradu­
ated cylinder for moisture measurement. 
Bidwell and Sterling (1925) used the distillation 
method to determine the moisture content of ground corn. 
This involved distillation of the sample with toluene, which 
boils at 110 C. Condensate water is trapped and measured by 
volume. Condensate toluene is trapped and returned to the 
flask. The official toluene distillation method for grain 
was described by the Association of Official Analytical 
Chemists (1950). 
Chemical methods 
Chemical methods involve reaction of water or organic 
matter in a sample with reagent. 
Fischer (1935) developed a method for determining the 
moisture content by chemical titration. The method utilizes 
chemical solvents which extract water from the material. 
The material must be finely ground. Moisture is extracted 
with anhydrous methyl alcohol. Because this method avoids 
inaccuracies inherent in other direct methods, it is, 
according to Hunt and Pixton (1974), theoretically one of 
the most accurate methods of grain-moisture determination. 
13 
Paynter and Hurburgh (1982) evaluated three laboratory 
methods for corn moisture determination. The USDA whole-
grain method, a newly developed ground-grain method, and the 
Karl Fischer method were compared on shelled corn samples. 
The results indicate that the ground-grain method and the 
Karl Fischer method yielded results higher and lower, 
respectively, than the USDA method. The ground-grain method 
had the lowest within-method variability (the average vari­
ances among replicate determinations on the same sample for 
the USDA oven method); the ground-grain and the USDA methods 
had the smallest among-methods variability (measured varia­
bility in comparison with two methods on the same sample). 
There was at least as much variability between any two 
reference methods as between the USDA method and any mois­
ture meter. 
Indirect (Rapid) Methods 
Moisture content affects nearly all of the physical 
properties of grain or any other hygroscopic material. Some 
physical properties affected by moisture content are 
(Brooker et al., 1974): 
(1) Electrical resistance or conductivity, 
(2) Dielectric properties, 
(3) Thermal conductivity, 
(4) Mechanical strength, and 
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(5) Specific gravity. 
Each of the above factors has been used as a basis 
for a rapid (indirect) method for determining the moisture 
content of some material. The principal source of error 
in all of these methods lies in the fact that there are 
other factors besides moisture content which affect the 
physical properties listed. For example, temperature as 
well as moisture content affects most of the physical 
properties of materials (Nelson, 1980b). 
Thermal conductivity methods 
Most organic materials when dry are relatively poor con­
ductors of heat, but as the moisture content of such 
materials is increased, the thermal conductivity increases. 
Shaw and Baver (1939) designed a soil moisture meter 
based on an indirect measurement of thermal conductivity of 
the soil. A Wheatstone bridge circuit was used to compare 
the electrical conductivity of two resistances having a high 
coefficient of thermal resistivity. 
Gas pressure method 
This method involves mixing the material to be tested 
with a chemical which will react with water in the material 
to produce a gas. The volume of the gas or its pressure at 
constant volume may be measured to determine the quantity 
of the gas evolved and to indicate indirectly the amount of 
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moisture in the material. This method was used by Masson 
(1911), Notevarp (1930), and Larson (1938) to determine 
the moisture content of some organic substances. 
Nuclear methods 
In recent years, two methods proposed which detect the 
presence of hydrogen in material as an index of moisture 
content are the neutron scattering and the nuclear resonance 
absorption method. 
Shaw and Elsken (1950) showed a linear relation between 
the moisture content of several vegetable materials, and the 
measurements of the nuclear magnetic resonance absorption 
of the hydrogen nuclei. 
Electrical resistance method 
The dependence of electrical resistance or conductivity 
of grain and other products upon their moisture content has 
been the basis for many attempts to measure the moisture 
content electrically. A number of moisture meters 
developed and widely used were based on the relationship of 
electrical resistance of grain pressed between two elec­
trodes to its moisture content. This can be shown schemati­
cally in Figure 1. Whiteny et al. (1897) applied this 
method to measure the moisture content of soil. 
Briggs (1908) conducted the first application of the 
resistance method to organic material. He used a Wheatstone 
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R 
Figure 1. Simple resistance circuit 
bridge to measure the resistance between two electrodes 
placed in a glass jar of wheat. He found a linear relation­
ship between the moisture content and the natural logarithm 
of the resistance in the range of 11-16% moisture content. 
Several instruments were used for testing the moisture 
content of wheat operating on the resistance principle. A 
comparative study of ten electrical meters for measuring 
the moisture content of wheat was conducted by Hylnka et al. 
(1949). The vacuum oven and Brown-Duvel methods were used 
as bases of comparison. The Tag Heppenstall meter, which 
measures the electrical resistance of grain samples with a 
galvanometer, gave the most rapid and accurate results. In 
this meter, the grain sample was placed between two corru­
gated steel rollers which serve as electrodes. 
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Cook et al. (1934) tested four commercial resistance-
type meters on hard red spring wheat. The results showed 
a linear relationship between the logarithm of the resist­
ance of wheat and the moisture content in the range of 11 
to 17% moisture content. Above 17% moisture, the relation 
was parabolic and was described by the following relation­
ship: 
2 Moisture content = A - B(log R) + C(log R) 
where A, B, and C are constants. 
All the tests conducted on commercial resistance-type 
meters consisted mainly of calibrating the meters with oven 
determination and determining statistically the accuracy of 
the meters. 
Since electrical resistance is also dependent on 
temperature, a correction factor for temperature must be 
applied to the results. According to Zeleny and Hunt 
(1962), resistance meters have inherent inaccuracies when 
used to measure grain moisture in ranges above 23% and 
below 7%. These inaccuracies were also reported when grain 
had uneven moisture distribution within and among kernels. 
Electrical resistance type moisture meters have been 
generally phased out of use in the United States due to the 
inherent inaccuracies and have been replaced by capacitance 
type meters (Pugh, 1974). The only resistance meter known 
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to be in use is the portable Delmhorst meter. 
Dielectric (capacitance) methods 
Dielectric is a class of substances capable of support­
ing electric fields. They are generally considered to be 
insulators rather than good conductors of electric current 
(Nelson, 1965). Numerous instruments have been developed 
over the past 50 years for measuring the grain moisture con­
tent by dielectric means (Nelson, 1977). Dielectric mois­
ture meters are well-established in the grain trade because 
they provide fast test results with an acceptable degree of 
accuracy with which samples can be measured for moisture 
content. However, these meters are still subject to random 
variability (variations among samples of some reference 
moisture content). 
In order to apply the capacitance method to measure­
ment of grain moisture content, the nature and behavior of 
the dielectric material must be fully understood. The di­
electric properties of products depend on moisture content. 
Definition and theory of dielectric meter The 
principal design requirements of an electronic moisture 
meter were described by Hall (1980) and other researchers 
as follows. 
(1) Accuracy: High accuracy (refers to the ability 
to measure the true value of a quantity) is one of the most 
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obviously desirable attributes of a successful moisture 
meter. The accuracy required seems to depend upon the 
crop tested, the range of moisture content, and the purpose 
for which the test is made. 
(2) Rapidity: Since the moisture content of agricul­
tural products is so nonuniform, a moisture meter should 
be rapid enough to test a large number of samples within 
the length of time which a trader would want to spend on 
moisture determination. Therefore, no more than one minute 
should be required to determine the average moisture content 
of one sample. 
(3) Simplicity of operation; The ideal moisture meter 
might be described as a device which reads directly the 
moisture content of any agricultural product. 
(4) Low cost; Some meters may cost as little as 
$150. 
(5) Versatility; Any moisture meter should be applica­
ble to most trade uses with a minimum of necessary changes 
in apparatus. 
Theory of operation The dielectric constant 
of any material is directly related to its moisture content. 
Pugh (1974) reported that various studies have shown a high 
correlation between dielectric constant and biological 
product moisture content. For a coaxial capacitor cell 
filled with grain, the dielectric constant of the grain in 
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the cell is defined as follows (Wishna, 1981): 
(1) 
where : 
e - dielectric constant of grain; 
C = capacitance, farad; 
a = internal diameter of the cell, cm; 
b = external diameter of the cell, cm; 
L = effective length of grain in the cell, cm; and 
= dielectric constant of free space, 8.885419 x 10 
farad/m. 
The capacitance, C, of the capacitor is directly pro­
portional to the charge stored, Q, and inversely propor­
tional to the voltage, V, producing polarization in the 
dielectric (Nelson, 1965) or: 
C = | . (2) 
From equations 1 and 2, the following relationships are 
obtained: 
K,Q 
^ ~ (3) 
and 
K _ In(b/a) _ constant 
1 2ïïL Gy 
where = constant determined by physical dimensions of 
21 
the coaxial capacitor. 
Since 
where 
Moisture {%) = KgG 
then 
Kg = conversion constant. 
Moisture (%) = (K^Kg)(Q/V) 
By measuring the change of charge across a cell maintained 
at a fixed voltage, the moisture content of the grain can 
be determined. 
The charge across a cell can be determined if a low 
resistance path is placed across the internal and external 
conductor and the total current flow over the discharge 
time is measured or: 
Q = I dt 
where I = the charging current, amperes. 
The simplest circuit to measure the capacitance of a 
capacitor containing a grain as a dielectric material is 
shown in Figure 2 (Pugh, 1974; Nelson, 1965). Current is 
directly proportional to the capacitance which in turn is 
directly proportional to the dielectric constant of the 
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Figure 2. Simple capacitance circuit 
measured material. This relationship is expressed as 
I = V 
/]wC 
where 
V = time variant voltage source, volts; 
I = time variant current, amperes; 
w = 2n frequency; 
C = capacitance, farad; and 
j = /-I. 
Test cell configuration Test cell design was 
among various factors influencing the design of capacitance-
type moisture meter. 
Matthews (1963) carefully considered some possible 
methods of arranging the electrodes in the test cell. For 
granular material, the test cell will consist of a container 
with an open top into which the material for test can be 
poured, and will incorporate two electrodes arranged to form 
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the plate of a capacitor with the test material as dielec­
tric. Electrode arrangements for test cells are shown in 
Figure 3. These arrangements are parallel plate, con­
centric cylinder, and conducting base arrangement. These 
methods of arranging the electrode in the test cell have 
been used in commercial moisture meters. 
The electrical capacitance for the parallel plate con­
figuration is given by the relation; 
C = -^ farad 
where 
E = dielectric constant of the material filling the 
space between the plates; 
2 A = area of the plates, m ; and 
d = distance between plates, m. 
For concentric cylindrical electrodes, the capacitance 
is given by the relation; 
= = ln(D^/D^) farad 
where 
h = height of the cylinder, m; 
= internal diameter of the inner cylinder, m; and 
D2 = external diameter of the inner cylinder, m. 
The dimensions of the test cell can be decided by con­
sidering the following factors (Matthews, 1963): 
24 
r 
Figure 3. Some possible electrode configurations for 
capacitance cells (Matthews, 1963): 
(a) parallel plate 
(b) concentric cylinders 
(c) conducting base and collar 
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(1) Size of the material tested; 
(2) The characteristics of the electrical circuit to 
be used with the cell; and 
(3) The preferred shape of the complete moisture meter 
and the position of the cell within the meter. 
The method of filling the test cell was also discussed 
by Matthews. Several factors may affect the filling of 
test cell such as; 
(1) Speed and evenness of pouring; 
(2) Use of additional hopper; 
(3) Pressure of sample in test cell; and 
(4) Vibration of the cell after filling. 
He concluded that it is necessary to employ a weighed 
sample and preferable to define the method of test cell 
filling. No mechanical aid to filling, such as a dumping 
hopper, is considered necessary. 
Meter frequencies Dielectric properties of 
grain are more pronounced at certain frequencies. Accord­
ing to Nelson (1977), tests on the dielectric properties 
of wheat revealed that considerable variation exists in 
relationships between dielectric properties and moisture 
contents at different frequencies. They affect the proper 
reading of the meter and its accuracy. All electronic 
moisture meters operate at certain frequencies which may 
cause the dielectric constant to be affected more by one 
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particular grain property than the others. The frequency 
range currently used for grain moisture measurement is from 1 
to 20 MHz. This frequency range seems to be best suited 
for 3 to 24% moisture range. Over this range, the dielec­
tric constant varies almost linearly with respect to mois­
ture content. It is possible to take into account the 
nonlinearity in the calibration of the meter (Nelson, 1977). 
Meter electrical circuit A simple electrical 
bridge circuit for a typical capacitance-type moisture 
meter was designed by Matthews (1963). The electric circuit 
consists of a 2 MHz transistor oscillator feeding an 
inductance-capacitance bridge circuit, one arm of which 
includes the test cell. The arrangement of the bridge 
circuit is given in Figure 4. 
Meter calibration Electronic moisture meters 
are generally calibrated to the dielectric curve resulting 
from plotting the dielectric constant of a grain against 
moisture content measured by a reference method (Hurburgh, 
1981a) . Figure 5 shows the basic shape of the dielectric 
constant-moisture curve. Different grains require dif­
ferent dielectric curves. Data from some meters must be 
transferred to charts of these curves. Moisture content is 
then read manually. This calibration method is used by the 
Motomco meter. This meter displays the dielectric value 
and the operator uses a look-up chart to determine percent 
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Figure 4. Arrangement of bridge components for prototype 
moisture meter (Matthews, 1963) 
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Figure 5. General relationship of dielectric to moisture 
curve (Hurburgh, 1981a) 
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moisture. 
Another method to calibrate moisture meter is the 
straight line method. This method involves estimation of 
a straight line which best fits the dielectric curve of the 
grain (Nelson, 1978). 
Automatic calibration involves electronically storing 
the dielectric curves and reading the correct moisture con­
tent value from them. Automatic correction for temperature 
and bulk density can be implemented into the internal 
circuitry of this meter (Matthews, 1963). The Dickey-john 
GACII is an example of this method. 
Development of dielectric meters A number of di­
electric-type moisture meters have been described by vari­
ous authors. Meter bias and variability have been of much 
concern to those developing dielectric-type meters. 
Lampe (1929) used the dielectric method to determine 
moisture content of cereals, fruits, and vegetables. The 
results obtained varied less than 0.5 points from those ob­
tained by regular drying methods. 
Stein (1941) developed the Steinlite moisture meter 
for grain. It has as its principal feature a design for an 
arrangement to let the sample fall into test chamber. The 
sample is held by a trap door at a fixed height above the 
test chamber instead of being poured in at a varying rate. 
Brockelsby (1945) described an electrical moisture 
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meter developed by Marconi Instruments, Ltd., London, for 
wheat which can detect moisture changes of 0.2% in grain. 
This meter was designed for a direct reading range of 8 to 
28% moisture. Readings of capacitance were made by apply­
ing a radio frequency (up to 50 MHz) voltage to a parallel 
plate capacitor having the wheat as dielectric. 
Hart (1948) used a frequency of 1 MHz and the simple 
bridge circuit shown in Figure 6 to measure changes in 
capacitance. He used this to measure the moisture content 
of hay. 
Rasmussen and Anderson (1949) developed a dielectric 
meter for estimating the moisture content of grain. This 
meter takes a 190 gram sample which forms the dielectric of 
a condenser in the plate circuit of a triad crystal oscil­
lator. Changes in capacity due to the sample were compen­
sated for by varying the capacity of a variable condenser. 
This meter was calibrated with 159 samples of Canadian hard 
red wheat and the standard error of the estimate found to 
be 0.36 over the range of 10 to 17% moisture. 
Stevens and Hughes (1966) compared seven different mois­
ture meters with an oven method. Three capacitance-type 
meters and two resistance meters were included. The 
accuracies of the capacitance type meters can be within 0.5 
points within limited ranges when clean grain samples were 
being tested. 
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Figure 6. Bridge circuit used by Hart (1948) to measure 
capacitance 
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Effect of grain properties on dielectric meters A 
great number of investigators have been concerned with the 
dielectric properties of insulating materials. According 
to Nelson (1965) , the dielectric properties of grain and 
seed are dielectric constant (permittivity values), dielec­
tric loss factor, loss tangent, and conductivity of grains. 
These properties will be defined later. 
Nelson (1980b) reported that there are several charac­
teristics of grain which affect the relationships between 
dielectric properties and moisture content. Some of these 
factors include electrical frequencies, grain bulk density, 
foreign material, kernel shape and size, and chemical 
composition of grain. 
Dielectric constant The dielectric can be 
described as an assemblage of charged particles which are 
bonded together so that they cannot drift from one electrode 
to another. This condition contrasts with that in conduc­
tors, which contain free electrons or ions. When voltage 
is applied to a dielectric, the electric field causes a 
systematic displacement of the bound charges from their 
normal position of equilibrium or position they occupy when 
the applied voltage is zero. This effect is termed "dielec­
tric polarization." On removal of the voltage, the charges 
return to their normal positions. If two metal plates are 
attached to opposite sides of the dielectric to form a 
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capacitor, the charge in the capacitor will be proportional 
to the amount of polarization of the dielectric. 
Four different types of polarization can occur in 
dielectric; (1) electronic, (2) atomic, (3) molecular or 
dipole, and (4) interfacial or ionic. Electronic polariza­
tions consist of the displacement of electrons with respect 
to positive nuclei of the atom. Atomic polarizations are 
the result of the displacement of the atoms with respect to 
each other in the molecule. Molecular polarizations are 
the effect of the applied field on the orientation of 
molecules with permanent dipole moments and are usually 
slow forming. Interfacial polarizations are caused by the 
accumulation of free ions at the interfaces between materi­
als having different conductivities and dielectric constants 
(Sherwood, 1951). 
A dielectric can be modeled by a series or parallel 
circuit consisting of an ideal resistance and capacitance. 
The dielectric constant of a substance is defined as the 
ratio of the capacitance of a capacitor having that sub­
stance as a dielectric to the capacitance of the capacitor 
with a vacuum as the dielectric. The dielectric constant 
of the air is 1.000590 and of a vacuum is exactly one. 
The dielectric constant of water is 81 at 20 C, while the 
dielectric constant of good insulators such as dry wood 
range from 2.5 to 7.7 (Mohsenin, 1970). The increase in 
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the dielectric constant produces an increase in capacitance. 
An increase in moisture content will produce an increase 
in capacitance of a parallel plate capacitor having the 
material as the dielectric. 
Brockelsby (1945) reported that moisture meters depend 
on the variation of dielectric constant of the material 
tested. Since the dielectric constant of free water is 
about 80, while that of most solids is less than 10, the 
capacitance of a capacitor with the moist substance as its 
dielectric is very sensitive to changes of moisture content. 
Nelson (1965) studied the dielectric properties of 
grain and seed in the range 1 to 50 MHz range. He stated 
that for any given frequency, the dielectric material may 
be represented by a series or parallel equivalent circuit 
consisting of an ideal capacitance and resistance. Figure 7 
shows the parallel circuit. 
4 
> 
Figure 7. Resistance and capacitance circuit used to model 
the dielectric (Nelson, 1965) 
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He defined the dielectric properties of grain and 
seed using a frequency range from 1 to 50 MHz. Values for 
the permittivity or dielectric constant, loss factor, loss 
tangent, and conductivity of many kinds of grain and agri­
cultural seed were presented. 
The loss factor is related to the capability of the 
material for absorbing energy from the electric field. The 
'  II 
dielectric constant, e^, and the loss factor, e^, respec­
tively, are the real and imaginary parts of the complex rela­
tivity or 
CR =  SF -  CR .  
The angle, 6, (Figure 8) separating the total current and 
the impressed voltage is called the phase angle. The com­
plementary angle, 6, is known as the loss angle of the 
dielectric. The tangent of 6 is called the loss tangent or 
dissipation factor. The conductivity, a, of the dielectric 
Figure 8. Vector diagram of a parallel circuit 
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2 
can be defined as the conductance between two 1 cm plates 
separated by a 1 cm cube of the dielectric if no current 
flows on the faces of -the cube. 
The results showed that the dielectric constant either 
remains constant or decreases as frequency increases for 
grain and seeds of all moisture contents. The loss tangent 
may either rise or fall with increasing frequency, depend­
ing upon the type of material and moisture content. The 
loss factor, being the product of dielectric constant and 
loss tangent, varies with frequency accordingly. Conduc­
tivity increases almost linearly with frequency. 
Effect of temperature The effect of temperature on 
dielectric constant is produced by the changes in the amount 
of polarization caused by the orientation of the dipole 
molecules (Nelson, 1977). A liquid or gas contains many 
molecules which are continuously undergoing translational 
and rotational motion. The effect of an increase in tempera­
ture is to increase this motion and to result in a random 
orientation of molecules. When the material is subjected 
to an electric field, the dipole molecules tend to be 
aligned by the field. An increase in temperature will 
oppose this tendency and, hence, result in a decrease in 
the amount of polarization. A decrease in temperature will 
produce a decrease in thermal energy resulting in less random 
orientations of the molecules and an increase in the amount 
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of polarizations and dielectric constant. Most materials 
have, therefore, a negative coefficient of dielectric 
constant with temperature. 
Chugh et al. (197 3) studied the dielectric properties 
of wheat at microwave frequencies (2.45 and 9.40 GHz). The 
study showed a temperature dependence of dielectric constant 
and loss factor for moisture contents from 0.5 to 25% at 
temperatures from -20 to 80 C (at both frequencies). The 
loss factor at 9.4 GHz has a positive temperature coeffi­
cient. At 2.45 GHz, the loss factor first increases with 
temperature and then decreases with temperature. 
Dielectric constant and loss factor at both frequencies 
and for all temperatures increase with moisture content. 
Effect of bulk density Bulk density of grains 
is one of the important factors which influences the di­
electric properties of grain. Nelson (1980a) described the 
linear relationship between kernel volume and moisture con­
tent. This relation was useful to predict kernel volume 
fractions and porosity as well as test weight and kernel 
densities at different grain moisture contents. 
A high correlation has been noted between kernel 
density and bulk density, or test weight, in measurements 
on hard winter wheat (Nelson and Stetson, 1976). 
Hurburgh (1981a) studied the interaction between test 
weight and moisture content. He found that test weight 
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decreased as moisture content increased. Test weight did 
not contribute significantly to moisture measurement vari­
ation in meters where a manual correction is required. He 
stated that test weight-moisture relationship deserves more 
study in the context of moisture measurements. 
Effect of grain damage The influence of grain 
damage and foreign material on dielectric moisture meters 
has been studied by Nelson (1980b). He reported the grain 
damage might have an effect on the inherent variability of 
the dielectric-type moisture meters. 
Preliminary investigation by Hurburgh (1981b) showed a 
correlation between moisture errors (meter moisture minus 
oven moisture) and corn physical damage. Table 3 shows 
a strong correlation among some physical properties of corn. 
The correlation between corn damage and meter error was 
0.50, which gives an indication about the effect of grain 
damage. Grain damage exerts significant influence on the 
dielectric properties of grain (Nelson, 1973). 
Calibration of electronic moisture meters Hurburgh 
et al. (1980) tested 312 corn samples of 1979 crop corn 
using six meters most common in the grain trade. Meter 
readings were compared to the 103 C, 72 h oven method 
approved by USDA (1976). The calibrations in use at the 
time were biased with respect to the oven changes that have 
since been made (Hill et al., 1981). But the meters also 
Table 3. Correlations among physical properties of corn (Hurburgh, 1981b) 
Moisture Moisture Stein 
break­
age, 
% 
Fast 
green 
dye 
index 
Variable 
Oven 
mois­
ture 
error, 
Steinlite 
SS250, 
points 
error. 
Burrows 
700, 
points 
Test 
weight 
Ib/bu 
Oven moisture 1.00 
Moisture error, 
Steinlite SS250 NS^ 1.00 
Moisture error. 
Burrows 700 NS 0.85 1.00 
Stein breakage -0.41 -0.19 NS 1.00 
Fast green dye 
index NS 0.40 0.50 0.30 1.00 
Test weight -0.82 -0.09 NS NS -0.31 1.00 
- not a significant correlation at the 95% level of confidence. 
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exhibited random variability about the oven readings. 
Preliminary investigation by Hurburgh et al. (1980) 
showed that corn variety may have some effect on the elec­
tronic moisture meter variability. In a follow-up study, 
Hurburgh et al. (1981) used moisture meter-oven comparisons 
on 881 corn samples to quantify random variations and identi­
fy their sources. Figure 9 shows that random variability is 
a quadratic function in moisture. However, even at these 
moistures, variations of 0.8-1.0 points are possible. The 
measure of variability in Figure 9 is plus or minus two 
standard deviations. 
Variations originated from one of three sources : pre­
cision of the oven reference method on a given sample; pre­
cision of the meter reading (refers to its ability to repeat 
itself on the same sample) on a given sample; and differences 
among samples of the same oven moisture content. Figure 10 
shows the relative share of total variations contributed by 
each source. The "sample" component was consistently domi­
nant, at about 85% of the total. 
An investigation was conducted on the accuracy of a 
dielectric-type meter for measuring the moisture content 
of wet yellow-dent corn by Wishna (1981). He reported 
that the data analysis showed sample-to-sample variation. 
For the dielectric type meters, the principal error in the 
instrument readout is not caused by the instrument but by 
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OVEN MOISTURE CONTENT, PERCENT 
Figure 9. Random variability of moisture meters in corn 
(Hurburgh et al., 1981 
SAMPLE 
METER 
KO vo 
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Relative magnitudes of variance components in corn moisture 
measurement (Hurburgh et al., 1981) 
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the dielectric variation. No further information was given 
about the cause of the variability in moisture measurements 
by electronic moisture meters. 
Noomhorm and Verma (1981) conducted moisture determina­
tion tests of rough rice using microwave oven, air-oven, and 
four electrical meters (two resistance type.and two capaci­
tance) . These methods were compared with the standard AOAC 
air-oven method (130 C for 1 h using ground grain). For the 
electrical meters, the Motomco and the Delmhorst meters 
showed good results and less error than the other meters. 
The Universal moisture meter gave a slightly lower moisture 
reading than the standard method. The Steinlite meter read 
the moisture content higher than the standard method. 
Bern and Hurburgh (1981) tested 33 farm-type moisture 
meters in corn and compared them with the USDA air-oven 
method. The results showed that for dry and wet corn, 
average differences from oven readings averaged 0.13% points 
low in dry corn and 0.32% points high in wet corn. Standard 
deviation of individual drops (as a measure of a meter pre­
cision) ranged from 0.22 to 0.39% points. Deviation from 
oven values was not correlated with meter age. 
Paulsen et al. (1981) reported that the variability in 
corn moisture meter bias fluctuates considerably but 
generally increases as oven moisture increases. Further 
research is needed to determine the causes of the fluctuating 
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variability. 
In a follow-up study, Paulsen et al. (1982) found a 
significant difference in moisture meter performance between 
hand-shelled corn samples and combine-shelled samples. They 
did not quantify the effect of corn shelling on the meter 
tested. 
Grama et al. (1982) compared four moisture meters and 
four oven methods with the official USDA air-oven method 
(120 C, 1 h, ground grain) on soybeans. The results of 
soybean moisture were compared to corn moisture results 
obtained by Hurburgh (19 81a). The within-sample standard 
deviation was calculated as a measure of precision. Three 
of the four meters exhibited statistically significant 
calibration bias. All four oven methods gave results sig­
nificantly different from the USDA standard. The meters 
generally were more precise than the oven methods in soy­
beans. This is contrary to the results obtained in corn 
(Hurburgh et al., 1981). They found variations from three 
sources (oven precision, meter precision, and sample effects) 
but it was smaller in soybeans than in corn. Table 4 shows 
the relative magnitude of variance components in soybeans 
and corn. 
Resurreccion et al. (1982) conducted a moisture content 
determination using ground corn in the Steinlite moisture 
meter and the USDA air-oven method. The coefficient of 
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Table 4. Relative magnitude of variance components in 
soybeans and corn (Grama et al., 1982) 
Source 
Percent of total variance 
Corn^ Soybeans 
Oven precision 7 12 
Meter precision 8 4 
Sample-to-sample 85 84 
100 100 
^From Hurburgh et al. (1981). 
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variation (CV) was used as a measure of precision. They 
found that the moisture content measurements with the 
Steinlite moisture meter had greater precision with ground 
corn than with whole corn. However, grinding the sample 
did not improve the precision of the oven method. 
Electronic moisture meters are subjected to consider­
able random variability. Variabilities are introduced from 
three sources: the oven, the meter, and the sample. 
Sample-to-sample variability contributed about 85% of the 
total variability. Studies of some grain properties may 
offer the answer to improve the meter precision. 
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OBJECTIVE 
The objective of this study was to quantify the effect 
of corn variety, harvest damage, and drying-air temperature 
on the accuracy and precision of trade-type electronic 
moisture meters. 
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RESEARCH PROCEDURE AND EXPERIMENTATION 
Statistical Procedure 
Scope of variables 
The three main treatments used in this research were 
as follows ; 
(1) Corn varieties: 
(a) Iowa State Hybrid MllO: A high-yielding, full-
season single cross commonly grown in central 
and southern Iowa and the central states. 
The pedigree of this hybrid is not revealed. 
(b) Pioneer 3541; An intermediate-season single 
cross also very popular in Iowa and the central 
states. Pedigree is considered as private 
information and not revealed by the producing 
company. 
(c) Martinson SX440; An intermediate-season 
single cross grown in south-central Iowa. 
Pedigree is not revealed by the producing 
company. 
The varieties Iowa State Hybrid MllO and Pioneer 
3541 were selected on the basis of their growing 
areas, high yield and popularity (W. A. Russell, De­
partment of Agronomy, Iowa State University, per­
sonal communication, 1980). The variety Martinson 
SX440 was selected because of its availability. 
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(2) Shelling methods; 
(a) Hand shelled. 
(b) Combine shelled with an International 1486 
axial-flow combine at the normal rotor speed 
of 350-400 RPM. 
(c) Combine shelled with an International 1486 
axial-flow combine at an accelerated rotor 
speed of 650-700 RPM. More broken kernels 
were produced. 
These harvesting methods were chosen to produce 
different damage levels, to test the effect of 
damage on the meter accuracy. 
(3) Drying air temperature; 
(a) Wet, no drying. 
(b) Dried in a layer (30 cm) with room tempera­
ture air (20 C) at 50 CPM/bu. 
(c) Dried in a layer with air heated to 82 C at 
50 CFM/bu. Heated air drying does increase 
stress cracking of corn and may affect meter 
readings. 
Analysis of data 
The general analysis of the data was made in the follow­
ing steps; 
(1) Convert all meter moistures to a difference, 
meter minus oven (the error of measurement). 
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(2) Plot differences (meter minus oven) against oven 
moisture content. 
(3) Conduct an analysis of variance as described 
later. 
(4) Obtain overall means for all variables. 
(5) Calculate the least significant difference to 
compare the treatment means. 
(6) Determine coefficient of variation (the ratio of 
standard deviation to mean) for oven and meters 
as an expression of variability. The formula for 
CV is: 
Vx 
CV^ = -# • 100 
* X 
where 
CV^ = coefficient of variation of the x 
measure; 
Vjj = variance of the x measure; and 
X = mean values of x. 
(7) Obtain the average by increments of four percentage 
points of moisture to plot the individual meter 
performance. 
Experimental design 
The experiments were designed to test the effect of 
corn variety, harvest damage, and drying air-temperature on 
the electronic moisture meters. 
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The experiments were arranged in a split-split-plot 
design where the mean treatments were the varieties, the 
subplots were the three shelling methods, and the sub-sub-
plots were the drying methods. 
The nature of these experiments made it necessary to 
have the treatments arranged in a systematic design rather 
than a randomized design. This type of design was used 
for the following reasons: 
(1) Different harvest dates for different varieties. 
(2) Hand shelling must be done before combine shelling. 
(3) Combine speed was hard to change among sites. 
The split-split-plot arrangement is described in Table 5. 
This design led to the analysis of variance given in Table 5. 
For quality characteristics other than meter moisture 
contents, the analysis of variance contained only an "error 
a" and an "error b" term. 
Sample Collection 
Corn samples originated as follows; 
(1) ISU Bilsland farm—27 samples of the Iowa State 
Hybrid MllO corn variety collected. 
(2) ISU Woodruff farm—27 samples of Martinson SX440 
corn variety collected. 
(3) ISU Beef Nutrition farm—27 samples of Pioneer 
3541 corn variety collected. 
Table 5. Experimental design 
Treatment Description (abbr.) 
Main treatment Variety (VR) (fields of 
40 acres or more) 
Sub-treatment Shelling (SH) 
at each site 
Sub-sub- Drying method (DR) 
treatment 
Dependent Meter moisture minus 
variables oven moisture 
Test weight, Ib./bu 
Broken corn and foreign 
material (BCFM), % and 
large brokens, % 
Fast green dye index 
Stein breakage, % 
Levels (abbr.) Replication 
Iowa State Hybrid 
MHO (B) 
Martinson SX440 (MA) 
Pioneer 3541 (P) 
Hand (H) 
Normal combine (N) 
Severe combine (S) 
Undried (I) 
Room air (-20°C) (LT) 
Heated air 
(~820C) (HT) 
Four meters : (M) 
Steinlite SS250 
Burrows 700 
Motomco 919 
Dickey-john GACII 
9 sites/variety 
1 set/site 
1 set/sub-
treatment 
1 set/sub-sub-
treatment ; 
3 drops/meter, 
3 dishes/oven 
test 
1 test/sub-sub-
treatment 
1 test/sub-
treatment 
1 test/sub-sub-
treatment 
1 test/sub-sub-
treatment 
Table 5. (Continued) 
Treatment Description (abbr.) 
Moisture meter 
precision, CV^, = 
Oven precision^. 
CV 
0' 
Levels (abbr.) Replication 
Four meters 1 set/sub-sub-
treatment 
1 set/sub-sub-
treatment 
^Coefficient of variation, defined as the ratio of standard deviation to 
mean. 
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Table 6. Analysis of variance for the split-plot design 
Source d. f. Mean 
square 
Significance 
test 
VR 2 
^2, 72 
SH 2 
^2, 72 
VR X SH 4 
^4, 72 
VR X SH X Site 
(error a) 
72 
VR X SH X DR X Site 144 
(error b) 
M 3 
M X VR 6 
M X SH 6 
M X DR 6 
M X VR X SH 12 
M X VR X DR 12 
M X SH X DR 12 
Residual (error c) 672 
Total 971 
MSa 
DR 2 
^ 2 ,  144 
SH X DR 4 
^4, 144 
VR X SH X DR 8 0
0 h 144 
MSb 
MSc 
^3, 672 
672 
^6, 672 
672 
^12 , 672 
^12 , 672 
^12 , 672 
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The sampling plan from each field is shown in Figure 11. 
Nine sites (9.14x45.72 m) were sampled per field and 
blocked in groups of three along a given set of twelve rows. 
Sites were chosen randomly at the time of harvest. The 
harvesting procedure was; 
(1) Just before harvest, approximately 15 kg of corn 
ears were hand-picked from each of the sites (H 
treatment). 
(2) Six of the twelve rows were harvested with the 
combine at maximum cylinder speed (S treatments). 
(3) About 4 kg of shelled corn was collected at the 
grain tank as the combine passed through each of 
the three sites per strip. 
(4) Steps 2 and 3 were repeated for the second six 
rows, with the combine in its normal cylinder 
speed setting (N treatments). 
(5) Steps 2, 3, and 4 were repeated for the other two 
strips in a field. 
The samples were taken to the Grain Quality Laboratory, 
Room 4, Dairy Industries Building and refrigerated immedi­
ately. The refrigerator temperature was maintained at 2 C 
to achieve maximum preservation without freezing the grain. 
Ear samples were shelled as soon as possible. 
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Figure 11. Field sampling plan 
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Test Equipment 
Electronic moisture meters 
The corn samples were tested with four electronic 
moisture meters. The four meters were chosen on the basis 
of Iowa Department of Agriculture data (Table 7) to be 
representative of those commonly used by country elevators. 
All four meters are dielectric (capacitance) meters. Table 
8 summarizes relevant information about these meters. They 
are pictured in Figure 12 and have the following descrip­
tions : 
(a) Burrows meter: Burrows model 700 is a linear 
meter. The meter and its component are shown in 
Figure 12a. This meter required a preweighed 
sample of 250 grams. It gives automatic readout 
and temperature compensation (Burrows, 1979). 
(b) Dickey-john: The Dickey-john GACII moisture 
meter was manufactured by the Dickey-john Corpora­
tion in 1977. This meter gives a microprocessor 
computation of the moisture and automatic 
temperature compensation. It was designed to 
provide a direct readout of the moisture, test 
weight, and the temperature of many different 
grains and related products. 
The grain handling system will provide auto­
matic, uniform loading of the grain cell, weighing 
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Table 7. Moisture meters in use at Iowa country elevators 
(figures supplied by the Iowa Department of 
Agriculture, April 19, 1980) 
Manufacturer Model Number Rank 
in use 
Steinlite SS250 450 1 
Steinlite Automatic 350 3 
Steinlite RCT 325 4 
Steinlite RC500 240 5 
Steinlite DM 180 6 
Steinlite DL 14 0 8 
Steinlite S 120 9 
Steinlite G 85 11 
Subtotal Steinlite 1885 
Burrows 700 450 1 
Motomco 919 150 7 
Dickey-john GACII 90 10 
Total 2575 
Table 8. Moisture meters used in comparisons (Hurburgh, 1981a) 
Approx Measure- Sample Method of cali-
:::% Manufacturer a% :f  ^
îur^ ' quired results 
Steinlite 
SS250 
Stein Laboratories 
121 North 4th St. 
Atchison, KS 66002 
Burrows 700 Burrows Equip. Co., Inc. 
1316 Sherman Ave. 
Evanston, IL 60204 
Motomco 919^ Motomco, Inc. 
Box 300 
Patterson, NJ 07510 
Dickey-john Dickey-john. Inc. 
GACII P.O. Box 10 
Auburn, IL 62615 
1979 Capacitance 250 g One range, digi­
tal 
1979 Capacitance 250 g One range, digi­
tal 
1965 Capacitance 150 g Look-up charts, 
or _ manually rotated 
250 g dial 
1979 Capacitance Internal Micro­
processor, digi­
tal weighing 
^Machine manufactured for Burrows by Dickey-john. Inc. 
^Motomco meter is used exclusively by Federal Grain Inspection Service. 
'^Sample weight dependent on moisture content of sample tested. 
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a. Burrows 700 b. Dickey-john GACII 
Siti 
c. steinlite SS250 d. Motomco 919 
Figure 12. The four electronic moisture meters 
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of the sample, and retaining the sample in the 
cell while a microprocessor makes the necessary 
computations for percentage moisture, sample 
test weight, sample temperature. 
After the computations are completed, a 
printer automatically prints the name of the 
facility using the tester, the current date, the 
sample number if entered, the type of the sample, 
and its moisture content, test weight per bushel, 
and temperature of the sample. The moisture per­
centage of the grain will also display on digital 
display (Dickey-john, 1977). The meter and its 
component are shown in Figure 12b. 
(c) Stein meter; The Steinlite model SS250 moisture 
tester was manufactured by Stein Laboratories, 
Inc. and is shown in Figure 12c. This meter is 
widely used by country elevators. This meter is 
equipped by different modules for the different 
grains and requires a 250 gram corn preweigh 
sample. It gives automatic readout and tempera­
ture compensation (Stein Laboratories, 1979). 
(d) Motomco meter: Motomco model 919 moisture meter 
is a portable electronic measuring instrument 
for the determination of moisture in cereal crops 
and in a wide variety of other products. The 
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meter is shown in Figure 12d. 
Moisture content is shown in terms of a dial 
scale which, by means of calibration chart, is 
correlated with the moisture content of a test 
material as determined by standard analytical 
methods. The material temperature is measured by 
a thermometer for correction of the moisture read­
ing. The meter must be calibrated each time be­
fore moisture determination. 
The meter consists of four major components 
(Motomco, 1965): 
(1) Dump cell; 
(2) Test cell, accommodating full 250 gram 
samples ; 
(3) Instrument assembly; and 
(4) Calibration charts. 
The electronic measuring circuit consists of 
three main units: an electronic chassis compris­
ing two tubes and their associated components, a 
fixed standard for calibration purposes, and a 
precision variable standard to which is attached 
the indicating drum of the instrument. 
Air oven 
The oven was a forced-air convection unit manufactured 
by Precision Scientific Corporation. 
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Stein breakage tester 
The Stein breakage tester model CK-2M and its component 
used are shown in Figure 13. This tester was manufactured 
by Fred Stein Laboratories, Inc., in 1979. It is an instru­
ment for measuring susceptibility to breakage (brittleness) 
of a grain sample. Grain in the impact chamber of the 
tester is subjected to impacts for a specified time period. 
The amount of fines (as defined to be material passing 
through a 4.8 mm round hole sieve) generated by the impacts 
is related to the brittleness of the grain tested. Grain 
which produces higher levels of fines will be more likely 
to suffer physical damage in subsequent grain handling 
operations. It has a 1/3 hp electric motor and an impeller 
speed of 1750 RPM. A corn sample of 100 grams was placed 
in the tester chamber for 4 minutes. 
Grain driers 
Two small laboratory grain driers were used to dry 
samples for test analysis. The corn sample drier is shown 
in Figure 14. 
Grain damage meter 
An M.C. Instruments model TllO grain damage meter was 
used to perform the spectrophotometric tests to quantify 
shelling damage. It is shown in Figure 15. 
Figure 13. Stein breakage tester 
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Figure 14. Corn sample drier 
Figure 15. Grain damage meter 
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Carter-Dockage Tester 
Broken corn and foreign material (BCFM), and large 
brokens were determined with Carter-Dockage Tester. Two 
round hole sieves, 6.4 mm and 4.8 mm, were used for the 
determination of the BCFM and large brokens, respectively. 
Test weight 
Test weight was determined by using a one-quart brass 
measure and a filling hopper, as specified in GR916-6 (USDA, 
1976). The leveled quart was weighed on the Seedburo com­
puter balance, and the computer calculated the test weight. 
Mettler balance 
The Mettler balance model PN 323 was used for the oven 
dish weighing. It is capable of weighing to the nearest 
mg. 
Sample Handling Procedure 
Figure 16 is a flow chart of the sample handling pro­
cedure. Steinlite RCT and Steinlite Automatic are two older 
models of moisture meters. Data from these meters were taken 
as indicated in the flow chart but were not used for this 
study. 
The size of the original sample of corn was about 4000 
grams. All the samples were brought out of the cooler and 
allowed to come to room temperature before conducting the 
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ORIGINAL SAMPLE 
04000 g 
BCFM AND 
LARGE BROKENS FINES 
1000 g g 
LAB PORTION 3000 g 
3, 15g AIR-
OVEN DISHES 
RECOMBINED AFTER 
LABORATORY TESTING 
TEST WEIGHT, 
3 REPLICATIONS 
r 
250.0 g 
BURROWS 
I 
RCT 
I 
AUTOMATIC 
3, 15g AIR-
OVEN DISHES 
250.0 g 
'\»350 g 
GACII 
MOTOMCO 
SS250 
CONDITIONED FOR 
STEIN BREAKAGE, 150 g 
3000 g RECOMBINED 
WITH LAB PORTION 
LABORATORY 
TESTING 
I—; 
WEIGH, DRY AT 82° 
TO M 5%, REWEIGH 
REPEAT 
LABORATORY TESTING 
1 
WEIGH, DRY AT ROOM 
TEMPERATURE TO 
~15%, REWEIGH 
I 
REPEAT 
LABORATORY TESTING 
Figure 16. Sample handling procedure 
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test analysis. The samples were taken from the cooler 
randomly for the analysis. 
Laboratory methods 
The following procedure was followed for all samples 
during the test analysis. 
Moisture measurement 
Oven method The air-oven method recognized by 
the United States Department of Agriculture (USDA, 1976), 
as specified in section XII, GR916-6, Federal Grain Inspec­
tion Service, was used as a reference for the meters. 
The procedure for this method was as follows; 
(1) Place approximately 15 grams of a representative 
portion of the unground sample in each of three 
tared moisture dishes for high-moisture content 
corn (over 25%); use 100 gram sample instead of 
15 grams. 
(2) Weigh the covered dishes and contents. 
(3) Subtract the weight of each dish from the total 
weight and record weight of the portion. 
(4) Uncover the dishes and place them with their 
cover in the oven. 
(5) Regulate the oven temperature at 103 C +1 and 
heating period of 72 hours. 
(6) At the end of the heating period, remove the shelf 
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containing the dishes, cover the dishes immedi­
ately, and place them in a desiccator. 
(7) Calculate the percentage of moisture by dividing 
the loss in weight due to heating by the weight 
of the original sample weight and multiplying 
by 100. 
Iowa State University oven procedure varied from the 
USDA procedure in two ways (Hurburgh et al., 1980): 
(1) ISU did not use a desiccator. The desiccator 
provides an environment for the sample to cool 
to room temperature after it has been taken out 
of the oven, but at the same time prevents the 
sample from picking up any moisture from the sur­
rounding air. 
(2) The sample dish used at ISU was not always of 
the same size described in the USDA standard. 
Meter moisture determinations Samples were 
tested with the six moisture meters (Motomco 919, Dickey-
john GACII, Steinlite SS250, and Burrows 900). 
For meter testing, a 250 gram subsample (meter sample) 
was taken from the corn sample. The meter sample was 
tested in the specified meters, as shown in the flow chart, 
three drops per meter. The order of meters on a sample was 
alternated with samples. The meter sample was returned to 
the sample after testing. After the meter testing was done. 
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the sample was divided into two portions by using the conven­
tional two-way Boerner divider, as shown in Figure 16. One 
of the two portions was dried down to 15.5% moisture con­
tent using natural air drying, while the other portion was 
dried down to 15.5% moisture content by high temperature 
drying at 82.2 C. The test analysis was repeated with the 
dried samples. 
Meter correction factors Two of the four 
meters tested have either temperature or test weight correc­
tion factors that must be applied by the operator. 
For the Motomco 919 meter, the chart value, the chart 
number, and the sample temperature were recorded. Tempera­
ture correction values were applied. The linear chart 
equations which relate moisture content to dial reading 
are (Hurburgh, 1981a): 
Chart No. Correction equation 
1 MC = 0.2151MR - 0.05213T + 4.01 
(for the range of 0.0% to 21.09% MC); 
2 MC = 0.2151MR - 0.05213T + 8.42 
(for the range of 21.09% to 29.71% MC) 
3 MC = 0.3218MR - 0.024T + 22.70 
(for the range of 29.71% to 40.21% MC) 
where; 
MC = moisture content, percent; 
MR = Motomco dial reading; and 
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T = sample temperature, F. 
For the Steinlite SS250 meter, moisture values were 
read directly. This meter requires test weight correction, 
which is additive if test weight is above 56 pounds per 
bushel, and subtractive if test weight is below 56 pounds 
per bushel. 
The correction equations applied to correct the meter 
moisture readings are (Hurburgh, 1981a): 
Moisture range from 0.0 to 21.0%; 
(a) Adjustment = (0.05) (56 -TW) when TW > 56 lb/bushel 
(b) Adjustment = (0.10) (56 - TW) when TW < 56 lb/bushel. 
Moisture range from 21.0% and up; 
(a) Adjustment = (0.10) (56 - TW) when TW > 56 lb/bushel 
(b) Adjustment = (0.15) (56 -TW) when TW < 56 lb/bushel. 
On the Dickey-john GACII, the digital readout indicated 
the moisture value already corrected for temperature and 
test weight. 
Test weight did not affect the performance of this 
meter according to Hurburgh et al. (1981). 
There is no published correction factor for test weight 
for Burrows 700. 
Quality measurement 
Particle size Broken corn and foreign materials 
(BCFM) and large brokens were determined with the Carter 
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Dockage Tester and according to procedures specified in 
GR 916-6 (USDA, 1976). Hand-picked materials other than 
corn were added to the 4.8 mm particles to form the BCFM. 
Test weight Test weight was determined by 
using a one-quart brass measure and filling hopper accord­
ing to the official USDA procedure (USDA, 1976). 
Stein breakage test The Stein breakage test 
was conducted using the Stein Breakage Tester Model CK2M, 
as recommended by NC-151 Collaborative Study (Miller et al., 
1979). 
Sample preparation 
(1) Screen the corn sample (400 g) using a 6.4 mm 
round sieve. Pick by hand all nongrain material. 
(2) Determine the sample moisture content. 
(3) If the moisture of the sample is not 12.8% ± 
0.2%, condition it to this moisture range. The 
following steps are to be followed in reducing 
moisture content to 12.8% ± 0.2%. 
(a) Weigh a drying box to the nearest 0.1 g (Wjj) • 
(b) Place the entire sample in the drying box 
and weigh to nearest 0.1 g (W^). 
(c) Calculate the final weight of box and sample 
required to produce a sample moisture content 
of 12.8% as follows: 
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AW = (0.01147) (M^ - 12.8) (W^ - Wj^) 
where : 
AW = weight loss, grains; 
= moisture content of sample to be 
conditioned, percent; 
W^ = original weight of sample and box, 
grams ; and 
Wj^ = weight of box, grams. 
Therefore ; 
Wr = W - AW 
r o 
where ; 
Wg = required final weight of sample and 
box. 
(d) Place the drying box containing the sample 
to be dried in the conditioning chamber. Dry 
with ambient air until the desired final 
weight (within ±0.5 g and weighed to ±0.1 g) 
is obtained. If ambient air has an equilib­
rium moisture content higher than 12.8%, it 
will be necessary to heat or dehumidify the 
air. Heating can be used only if the heated 
air temperature will not exceed 27 C. 
(e) When the proper weight is reached, put condi­
tioned sample in a quart canning jar, seal, 
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and refrigerate for at least two days (to 
equilibrate the moisture within the sample). 
(f) Warm to room temperature before testing. 
Stein procedure The procedure for the 
Stein Breakage test is as follows; 
(1) Weigh 100.0 grams of corn previously conditioned 
to 12.8 ± 0.2% moisture. 
(2) Place the weighed sample in the Stein tester and 
operate for four minutes. 
(3) After testing, screen the sample with a 4.8 mm 
round hole screen. 
(4) Weigh screenings and compute percent breakage as 
follows: 
Dye test The fast green dye test is used to 
measure the amount of exposed starch in whole kernels of 
corn. It is based on the absorbance of fast green dye by 
exposed starch, and was developed by Chowdhury (1978). 
The basic procedure is as follows: 
(1) A 100.0 gram of corn sample is immersed in dye 
solution for 30 seconds. 
(2) The corn is removed, rinsed to remove excess dye, 
then soaked in O.ION NaOH solution. 
(3) The NaOH redissolves the previously absorbed dye. 
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(4) An aliquot of the blue-green NaOH is exposed to 
light at 610 nm in a spectrophotometer (MC 
Instruments T-llOO). 
(5) The spectrophotometer measures the fraction of 
light absorbed by the blue-green solution and 
converts the absorbance to an index value from 
1 to 100. 
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RESULTS AND DISCUSSION 
The experiment produced two data sets, one for meter 
and oven moisture data, and one for the other quality fac­
tors (test weight, large broken corn, BCFM, fast green dye 
index, and Stein breakage). Tables A-1 and A-2 in the 
Appendix present the two sets of data produced. Three meter 
drops, six oven samples, and three quality tests (except for 
large brokens and BCFM) were taken for each sample. 
The analysis of variance in Table 6 was used to test the 
effect of variety, shelling method, and drying temperature on 
the accuracy of moisture meters. Computations were done with 
the Statistical Analysis System program (SAS, 1982). Analy­
sis of variance results for the meter data are presented in 
Table 9. 
Corn variety, shelling method, and drying temperature 
all had significant effects on the relative accuracy of 
the meters with respect to the oven. There were also sig­
nificant effects of all two- and three-factor interaction 
terms. Mean values among the several treatments are com­
pared in Table 10. The least significant difference CLSD) 
is used as the comparison criterion. According to Steel 
and Torrie (1980), the 5% LSD is given by the equation: 
^SD,O.05) = t( 0 . 0 5 ,(2SMS/n)t 
where ; 
LSD(Q 05) = Fisher's least significant difference test 
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Table 9. Analysis of variance for moisture meter differ­
ences, meter minus oven 
Source d. f, Mean 
square F-value 
Probability 
of a 
greater F 
VR 2 44. 29 18. 85 0. 0001 
SH 2 33. 20 14. 13 0. 0001 
VR X SH 4 8. 50 3. 61 0. 0095 
VR X SH X Site 
(error a) 
72 3. 25 
DR 2 82. 67 49. 50 0. 0001 
VR X DR 4 42. 95 25. 71 0. 0001 
SH X DR 4 12. 21 7. 31 0. 0001 
VR X SH X DR 8 6. 58 3. 94 0. 0003 
VR X SH X DR X 
Site (error b) 144 1. 67 
M 3 5. 67 81. 00 0. 0001 
M X VR 6 1. 28 18. 29 0. 0001 
M X SH 6 0. 72 10. 29 0. 0001 
M X DR 6 1. 45 20. 71 0. 0001 
M X VR X SH 12 0. 32 4. 57 0. 0001 
M X VR X DR 12 0. 96 13. 71 0. 0001 
M X SH X DR 12 0. 11 1. 57 0. 0727 
Residual (error c) 672 0. 07 
Total 971 
Table 10. Main treatment means and least significant differences 
Treat­
ment 
Num- Oven Average 
ber mois- difference 
Level of ture from oven, • , . 
sam- con- all meters, 
pies tent, percentage 
% points 
Test 
feighi 
Ib/bu 
_ Fast 
'T' 
index 
Stein 
break­
age 
% 
Variety 
(VR) 
(SH) 
Iowa state 27 
o
 
(X 
04 -0. 323* 57. 30 0.51 1.17a 8. 74a 3. 47 
Hybrid 
MllO, wet 
Martinson 27 24. 29 -0. 38a,b 51. 70a 1.57a 2.71 13. 52a 15. 97 
SX440, wet 
Pioneer 27 27. 34 0. 77b 51. 93a 1.46a 1.52a 21. 21 21. 35 
3541, wet 
LSD 0. 75 0. 42 0. 79 0.41 0.41 4. 98 3. 56 
Iowa State 54 16. 20a -0. 16 59. 11 
__b 
— — 8. 04 7. 52 
Hybrid 
MllO, dry 
Martinson 54 16. 60a -1. 23a 55. 26a — —  16. 97 17. 17 
SX440, dry 
Pioneer 54 14. 26 -1. 11a 55. 59a 25. 64 19. 28 
3541, dry 
52 LSD 0. 53 0. 29 0. 56 — —  —  —  3. 52 2. 
Hand (H) 81 18. 62a -0. 23 57. 16 — — — 4. 65 8. 06 
Combine, 81 18. 32a -0. 54 55. 21 0.68 1.02 17. 27 16. 53 
normal (N) 
Combine, 81 18. 32a -0. 87 54. 58 1.64 2.51 26. 34 18. 33 
severe (S) 
LSD 0. 43 0. 24 0. 46 0.33 0.33 2. 87 2. 05 
^Entries -with the same letter in a category are not significantly different 
by the LSD criterion. 
l^samples cleaned. 
Table 10. (Continued) 
Treat­
ment 
Num- Oven Average 
ber mois- difference Fast 
Level 
-St, "gr 
Ib/bu % index sam- con- all meters, pies tent, percentage 
% points 
Stein 
break­
age 
Drying Initial (I) 81 23.89 0.02 
(DR) High tem­
perature 
(HT) 81 15.42 
Low tem­
perature 
(LT) 81 15.96 
LSD 0.34 
53.65 
-0.73a 56.14 
•0.93a 57.16 
0.20 0.16 
14.49 13.40 
17.11a 21.09 
16.66a 8.34 
1.56 1.56 
All 
samples 243 18.42 -0.55 55.65 1.17 1.78' 16.09 14.31 
^Not including hand shelled samples. 
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for significance at the 95% confidence 
level; 
t(o Q5J = tabular value of Student's t for error de­
grees of freedom; 
EMS = error mean square; and 
n = number of samples. 
Effect of Variety 
The data from wet and dry corn were separated because 
of confounding between moisture content and variety. Table 
10 gives the average difference from oven for all meters. 
Figures 17 through 19 give a graphical presentation of the 
individual meter performance for the three variaties. It 
is, however, not possible to compare the variety effect on 
wet corn because of the difference in initial moisture con­
tent among varieties. Hurburgh (1982) found that the cali­
bration bias of moisture meters did not change much across 
the range of 13-17% moisture. But in wet corn (above 20% 
moisture), the calibration bias did change considerably tas 
shown in Figure 20). Therefore, only on the dry corn can 
we sort out a potential varietal effect. 
In the dry corn, the average differences from oven, for 
all meters, were 0.16, 1.23, and 1.11 points lower for the 
varieties Iowa State, Martinson, and Pioneer, respectively. 
However, the meters tested higher relative to the oven with 
the variety Iowa State Hybrid MllO than the other two 
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Figure 17. Meter bias versus oven moisture, for the variety 
Iowa State Hybrid MllO 
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Figure 18. Meter bias versus oven moisture, for the 
variety Pioneer 3541 
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Figure 19. Meter bias versus overi moisture, for the 
variety Martinson SX440 
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Figure 20. Performance of moisture meters using Iowa-Illinois calibrations 
on 1981 crop samples (Hurburgh, 1982) 
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varieties. Given these particular meter calibrations, the 
MllO tests were also more accurate (averaged closer to the 
oven readings) than the other two varieties. There was no 
significant difference in performance between Martinson 
SX440 and Pioneer 3541. 
Test weights were 59.11, 55.26, and 55.99 Ib/bu for 
the varieties Iowa State, Martinson, and Pioneer, respec­
tively. Fast green»dye indexes were 8.04, 16.97, and 25.64 
for the same three varieties, respectively. Stein breakages 
were 7.52, 17.17, and 19.28 percent for the same varieties, 
respectively. 
The Iowa State Hybrid MllO was highest in test weight, 
lowest in dye index, and lowest in Stein breakage percentage 
(in both dry and wet corn) and lowest BCPM and large broken 
percentage. 
A part of the varietal effect is perhaps incorporated 
in the harvest damage effect. The shelling method data 
present this point more clearly. 
Effect of Shelling 
Shelling methods contributed significantly to meter 
errors as shown in Table 10. Graphical presentation of the 
individual meter performance for the shelling treatments is 
shown in Figures 21 through 23. Hand-shelled corn tested 
highest relative to the oven, followed by normal combine and 
then severe combine. Test weight followed the same pattern as 
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Figure 21. Meter bias versus oven moisture, for the hand-
shelling treatment 
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Figure 22. Meter bias versus oven moisture, for the 
normal combine treatment (350-400 RPM) 
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Figure 23. Meter bias versus oven moisture, for the 
severe combine treatment (650-700 RPM) 
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meter errors with hand-shelled highest and severe combine 
lowest. This agrees with results reported by Hall and Hill 
(1973). Percent BCFM, dye index and Stein breakage were in 
reverse order. Increased combine damage produced an increase 
in both corn brittleness and fines. The greatest effect due 
to harvest damage was, as expected, in the fast green dye 
test. The treatment with the highest fast green dye values 
tested the lowest relative to the oven. The magnitude of 
the harvest damage effect (0.64 point, from -0.23 in hand 
to -0.87 in severe combine) is not as large as the varietal 
effect in dry corn (1.07 points, from -0.16 in MllO to 
-1.23 in SX440). Therefore, damage alone probably is not 
sufficient to explain varietal differences. 
One of the interactive effects, VR x SH x DR, deserves 
particular attention, as shown in Table 9. The response of 
the meters to shelling (harvest damage) was not the same for 
all varieties or for all drying levels. But more important­
ly, there was a reversal of the overall pattern as moisture 
content increased. Table 11 shows effect of shelling treat­
ment for the wet and dry samples. 
The shelling effect gradually was reversed as moisture 
increased. In wet corn, as the moisture content increased 
from 20.04% to 27.34%, the meters read higher (changed 
from negative to positive effect) than the oven. The 
average moisture meter differences were -0.09, 0.16, and 
Table U. Effect of shelling treatment in the dry and wet corn 
Category 
Oven 
mois­
ture. 
Meter minus oven, all meters, points 
Hand Normal 
combine 
Severe 
combine 
Iowa State Hybrid 
MHO, dry 16.20 -0.08 0.02 -0.42 
Martinson SX440, dry 16.60 -0.31 -1.25 -2.12 
Pioneer 3541, dry 14.26 -0.53 -1.38 -1.42 
All dry samples 15.69 -0.31 -0.87 -1.32 
Iowa State Hybrid 
MHO, wet 20.04 -0.14 -0.23 -0.58 
Martinson SX440, wet 24.29 -0.28 -0.44 -0.38 
Pioneer 3541, wet 27.34 0.16 1.14 1.01 
All wet samples 23.89 -0.09 0.16 0.02 
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0.02 points for hand, normal, and severe combine treat­
ments, respectively (a range about 0.85 point high in rela­
tive accuracy). 
In the dry corn only, average moisture meter differ­
ences were -0.31, -0.87, and -1.32 for the hand, normal 
and severe treatments, respectively (a range of about 1.0 
point low in relative accuracy). The reversal effect might 
be due to the variety characteristic. For the grain trade, 
this is an important finding. The majority of trades occur 
at moistures from 14.0 to 16.0%, where the physical damage 
effect is the largest. As grain is handled, it will increase 
in physical damage, which in turn will lower the indicated 
moisture, as measured by an electronic meter. At the same 
time, storage life decreases with increasing damage and 
moisture. An underestimation of moisture in damaged grain 
would be particularly troublesome for grain handlers. 
Apparently, a moisture correction factor for corn physical 
condition would be a benefit to the grain trade. 
It also can be concluded that the use of safer-to-store 
hand-shelled corn for calibrating meters at very high mois­
ture is inappropriate. Since marketed corn is mechanically 
harvested, combine-shelling damage will cause higher read­
ings. Hand-shelled corn would likely not represent any 
high-moisture corn delivered to the market. 
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Effect of Drying Treatment 
In the sample handling procedure (Figure 16), samples 
were divided into two portions and dried down to about 15% 
moisture with room or high temperature air. Graphical pres­
entation of the individual meter performance for the drying 
treatment is given in Figures 24-26. The analysis of vari­
ance showed a significant effect of drying temperature on 
meter reading. But the significant effect was only between 
wet and dry corn. The LSD showed no significant difference 
between the high and low temperature drying as decpited in 
Table 10. High-temperature drying retarded test weight in­
creases and caused higher Stein breakage values, but showed 
no difference in dye index. 
Variability includes the random discrepancies between 
two measures of the same quantity. Hurburgh (1981a) estimated 
the variability of the oven method and of a meter test on an 
individual corn sample. Oven variability was given by the 
equation: 
Meter-to-oven Variability 
(4) 
and 
V, 0 0.0296 
where; 
CVq = oven coefficient of variability, percent; 
Vq = oven variance; and 
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Figure 24. Meter bias versus oven moisture, for wet samples 
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0 = oven mean value, percent. 
Meter variability was given by; 
and 
where: 
CVm = X 100 (5) 
= 0.00067766 (0)^ - 0.0211 (0) + 0.182 
CV^ = meter coefficient of variability, percent; and 
V» = meter variance. 
M 
Coefficients of variation of the treatment means were 
computed to measure the precision of meters and oven. Table 
12 compares oven and meter CVs with the results obtained 
by Hurburgh (1981a). 
Oven variations were, without exception, larger than 
the values predicted by Hurburgh (1981a). The discrepancy 
between data and prediction was largest in dry corn, perhaps 
because of nonuniformity in dried layers. The prediction 
equation was based on mixed and blended corn sampled at 
elevators. Shelling treatment produced no consistent pat­
tern of variations. 
Variations among drops in the meters (CV) conformed 
well to predictions and were actually smaller than the oven 
dish CVs. None of the treatments increased meter varia­
bility. This contradicts a prevalent grain-trade belief 
that damaged corn gives erratic moisture meter performance. 
Table 12. Variance components of moisture measurement as affected by the main 
treatments 
Num­
ber 
of 
sam­
Oven Oven CV, % Meter CV, % 
Treatment Level mois­ture, 
% 
Data Equation 4 
Data Equation 
ples 
Variety Iowa State Hybrid 27 20. 04 1. 10 0. 86 0. 87 0. 88 
MllO, wet 
Martinson SX400, 27 24. 29 0. 99 0. 71 1. 16 1. 08 
wet 
Pioneer 3541, wet 27 
CM 
34 1. 68 0. 63 1. 25 1. 22 
Iowa State Hybrid 54 16. 20 2. 21 1. 06 0. 78 0. 82 
MllO, dry 
Martinson SX440, 54 16. 60 2. 62 1. 04 1. 08 0. 81 
dry 
Pioneer 3541, dry 54 14. 26 1. 94 1. 21 0. 90 0. 96 
Shelling Hand 81 18. 62 1. 92 0. 92 0. 95 0. 83 
Combine, normal 81 18. 32 1. 52 0. 94 1. 04 0. 82 
Combine, severe 81 18. 32 2. 36 0. 94 0. 94 0. 82 
Drying Initial 81 23. 89 1. 26 0. 72 1. 09 1. 06 
High temperature 81 15. 42 2. 96 1. 12 0. 88 0. 86 
Low temperature 81 15. 96 1. 56 1. 08 0. 96 0. 83 
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Individual Meter Performance 
Meter calibrations were consistent with respect to each 
other. Figures 27 through 29 compare the performance of 
the four meters, averaged over increments of 4% moisture, 
on the hand-shelled, normal and severe combine shelled 
samples. Hurburgh (1982) reported that other 1981 data, 
involving 806 samples of combine shelled corn, showed these 
meters to be negatively biased below 25%, and positively 
biased above 25%. Thus, in the normal combine samples, 
the meters responded in the same manner as they did to the 
entire set of samples tested in 1981. 
The response of individual meters to the main treatments 
is shown in Table 13. In no case did the direction of a 
treatment effect vary between meter brands. The magnitude 
of the effects was different in some instances. Magnitude 
differences generally were not large. As an example, the 
variety effect was the largest in Steinlite and Dickey-john 
meters (1.19 and 1.20 points) and smallest in Motomco meter 
(0.85 points). The damage effect was largest in the Stein­
lite meter (0.79 points) and smallest in the Motomco meter 
(0.38 points). The drying effect was the largest in Dickey-
john meter (0.34 points) and the smallest in Steinlite and 
Motomco meters (0.09 and 0.10 points). 
It can be concluded that the Motomco moisture meter had 
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Figure 27. Performance of the four moisture meters on the 
hand-shelled treatment samples 
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Figure 28. Performance of the four moisture meters on 
the normal combine treatment samples 
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Figure 29. Performance of the four moisture meters on the 
severe combine treatment samples 
Table 13. Response of individual meters to main treatments 
Num- Oven 
ber mois-
Treatment Level of 
sam­
ples 
ture 
con­
tent, 
% 
Average deviations from 
the oven, percentage 
points 
' ®ïiîr Motomco 
SS250 GACII 
Variety Iowa State hybrid 27 
o
 
CM 
04 -0. 34 -0. 10 -0. 50 -0. 24 
MllO, wet 
Martinson SX44 0, 27 24. 29 -0. 65 -0. 16 -0. 47 -0. 24 
wet 
Pioneer 3541, wet 27 27. 34 -0. 04 0. 94 1. 19 0. 99 
Iowa State hybrid 54 16. 20 -0. 27 -0. 17 -0. 23 0. 11 
MllO, dry 
Martinson SX4 40, 54 16. 60 -1. 46 -1. 29 -1. 08 -1. 09 
dry 
Pioneer 3541, dry 54 14. 26 -1. 19 -1. 24 -1. 03 -1. 00 
Shelling Hand 81 18. 62 -0. 36 -0. 16 -0. 34 -0. 08 
Combine, normal 81 18. 32 -0. 78 -0. 52 -0. 46 -0. 39 
Combine, severe 81 18. 32 -1. 15 -0. 89 -0. 72 -0. 74 
Drying Initial 81 23. 89 -0. 34 0. 23 0. 04 0. 17 
High temperature 81 15. 42 -0. 93 -0. 75 -0. 73 -0. 52 
Low temperature 81 15. 96 -1. 02 -1. 04 -0. 83 -0. 86 
All samples 243 18. 42 -0. 76 -0. 52 -0. 51 -0. 40 
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the least susceptibility to the effect of the three treat­
ments studied. 
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SUMMARY 
Moisture content is an important physical variable of 
grain. Many physical, physiological, and chemical proper­
ties of grain bear a relationship to moisture content. 
Several grain properties, among them variety, bulk 
density, and amount of BCFM appear to be inducing variations 
in moisture readings. It is also observed that hand-shelled 
samples appear to give different results on the moisture 
meters than do machine-shelled samples. Grain-drying methods 
also may give different results with moisture meters. 
Three corn varieties were sampled and studied for 
meter accuracy and variability (Iowa State Hybrid MllO, 
Martinson SX440, and Pioneer 3541). Three shelling methods 
used in this research were hand, mechanical, and severe 
mechanical. Finally, the corn samples were tested wet 
(before drying) and dried down to about 15% moisture by 
natural air drying (about 20 C) and by heated air (about 
82 C) . 
In analysis of variance, it was shown that corn variety, 
shelling methods, and drying temperature all had significant 
effects on the relative accuracy of the meters with respect 
to the air oven method. There were also significant ef­
fects of all two- and three-factor interaction terms. 
In the dry corn, the average differences from oven, 
for all meters, were 0.16, 1.24, and 1.11 points lower for 
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the varieties Iowa State, Martinson, and Pioneer, respec­
tively. The meters tested higher relative to the oven with 
the variety Iowa State Hybrid Ml10 than the other two varie­
ties. This variety was also the highest in test weight 
(59.11 Ib/bu), the lowest in dye index (8.04), and the low­
est in Stein breakage percent (7.52%) for both dry and wet 
corn and the lowest in BCFM and large broken percentage. 
Shelling methods contributed significantly to meter 
errors. Hand-shelled corn tested the highest relative to 
the oven, followed by normal combine shelling, and severe 
combine. The relative magnitude of the harvest damage 
effect (0.64 point, from -0.23 in hand to -0.87 in severe 
combine) is about 60% of the varietal effect in dry corn 
(1.07 points, from -0.16 in MllO to -1.23 in SX440). 
No significant effect was observed between high and 
low temperature drying. 
Oven coefficient of variation (1.93%) was larger than 
the meter coefficient of variation (0.98%). 
Meter calibrations were consistent with respect to 
each other. 
The Motomco moisture meter had the least susceptibility 
to the effect of the three treatments studied. 
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CONCLUSIONS 
From the analysis of data from 243 corn samples, the 
following conclusions are drawn; 
(1) In the 162 dry samples, corn variety influenced 
the accuracy of moisture meters relative to the 
air oven. The meters tested significantly higher 
relative to oven with the Iowa State MllO than 
with Martinson SX440 and Pioneer 3541. 
(2) A variety effect could not be distinguished from 
potential biases in meter calibrations for wet 
samples. 
(3) In dry samples, the moisture meters tested hand-
shelled corn about 1.0 point higher than severe 
combine-shelled corn and about 0.5 point higher 
than normal combine-shelled corn. The shelling 
method effect gradually reversed as moisture con­
tent increased. In the wettest group of samples 
(oven moisture content of 27.3%), the meters 
tested hand-shelled corn about 1.0 point higher 
than corn from either combine-shelled lot. 
(4) Test weight (as a measure of corn quality) de­
creased from 57.2 Ib/bu in hand-shelled corn to 
55.2 and 54.6 Ib/bu in normal and severe combine-
shelling treatments, respectively. 
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(5) Kernel physical damage, as measured by the fast 
green dye index, was unaffected by the drying 
in the laboratory driers, and increased from 4.7 
in the hand-shelled corn to 17.3 and 26.3 in the 
normal and severe combine-shelling treatments, 
respectively. 
(6) Breakage susceptibility (brittleness) of corn, as 
measured by the Stein breakage test, increased 
from 8.1% in the hand-shelled corn to 16.5% and 
18.3% in the normal and severe combine-shelling 
treatments, respectively. 
(7) Drying air temperature did not affect moisture 
meter accuracy. 
(8) No treatment (corn variety, shelling method, dry­
ing temperature) affected either the precision of 
the oven method or the precision of the meters. 
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Table Al. Oven and meters moisture data 
Sample "itê" Motomco mois-
No. SS250 GACII ture 
% % % % % 
4001 
4002 
4003 
4004 
4005 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4032 
4033 
4034 
4035 
4036 
4037 
4038 
4039 
4040 
4041 
4042 
24.75 
28.51 
27.36 
26.19 
29.59 
28.06 
25.66 
28.84 
30.33 
26.57 
24.94 
24.57 
24.45 
27.01 
24.23 
24.38 
27.83 
28.81 
28.65 
26.08 
27.55 
29.57 
29.60 
29.00 
26.6# 
28.76 
28.92 
20.15 
19.56 
18.67 
19.35 
19.31 
18.85 
19.13 
18.66 
18.49 
19.86 
18.61 
18.81 
20.26 
18.66 
19.32 
25.07 
29.03 
28.50 
25.90 
29.93 
28.77 
25.70 
29.43 
30.93 
27.03 
26.33 
26.37 
25.20 
28.40 
25.73 
24.47 
29.83 
30.57 
30.47 
27.63 
28.93 
29.93 
30.77 
30.53 
27.23 
30.70 
30.13 
20.20 
19.80 
18.77 
19.23 
19.63 
18.93 
19.17 
18.73 
18.63 
19.80 
18.83 
18.80 
20.43 
18.80 
19.53 
24.58 
29.44 
28.25 
26.64 
31.24 
29.33 
25.92 
30.81 
31.99 
26.55 
26.18 
25.47 
24.85 
28.68 
25.04 
23.94 
29.32 
30.89 
30.67 
27.23 
28.00 
31.56 
31.63 
31.22 
27.44 
31.51 
31.62 
19.97 
19.51 
18.60 
18.78 
19.32 
18.52 
19.45 
18.61 
18.48 
19.45 
18.08 
18.78 
19.73 
18.62 
19.17 
24.83 
29.53 
28.53 
26.70 
29.53 
30.10 
25.83 
29.33 
30.13 
27.10 
26.23 
25.90 
24.93 
28.90 
25.40 
24.13 
29.97 
30.97 
30.20 
27.43 
28.37 
30.35 
31.53 
30.77 
26.90 
30.57 
30.70 
20.40 
19.97 
18.97 
19.10 
19.27 
18.90 
19.33 
18.57 
18.43 
20.13 
18.60 
18.80 
20.13 
18.53 
19.50 
24.85 
28.21 
27.73 
26.02 
28.69 
27.73 
26.73 
28.61 
29.95 
26.33 
24.98 
25.38 
24.84 
27.43 
24.66 
24.41 
27.99 
28.57 
28.89 
27.21 
27.29 
29.45 
28.71 
29.17 
27.26 
28.44 
28.43 
20.82 
20.39 
19.57 
19.28 
19.34 
19.70 
18.98 
18.67 
18.97 
20.27 
18.78 
18.97 
19.84 
18.80 
20.26 
Table Al. (Continued) 
s^pie "ÎIR B---
No. SS250 ^ GACII ture 
% ^ ^ % % 
4043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4057 
4058 
4059 
4060 
4061 
4062 
4063 
4064 
4065 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4074 
4075 
4076 
4077 
4078 
4079 
4080 
4081 
4501 
4502 
19.94 
18.72 
18.74 
21.05 
20.45 
19.77 
22.36 
20.57 
20.01 
21.76 
20.62 
20.08 
24.11 
24.17 
23.82 
23.29 
23.94 
26.39 
22.87 
24.04 
22.29 
23.99 
23.48 
24.15 
24.78 
23.27 
22.69 
23.88 
23.28 
23.08 
23.92 
23.80 
22.54 
23.95 
22.80 
23.78 
23.52 
24.06 
21.42 
12.74 
12.01 
20.23 
19.10 
19.10 
21.93 
20.60 
20.50 
22.70 
20.87 
20.37 
21.90 
21.27 
20.47 
24.07 
24.23 
24.60 
23.03 
24.07 
28.23 
23.03 
24.47 
23.10 
24.00 
24.53 
25.20 
24.93 
24.10 
23.43 
24.43 
23.40 
23.53 
23.80 
24.60 
23.17 
23.90 
22.73 
24.80 
23.87 
26.13 
22.03 
12.80 
11.80 
19.54 
18.34 
18.73 
20.46 
19.88 
19.35 
22.66 
19.88 
20.36 
20.62 
20.06 
19.81 
23.79 
24.09 
24.17 
22.29 
23.96 
28.18 
22.18 
23.75 
22.43 
23.23 
23.66 
25.70 
24.98 
24.06 
23.56 
24.55 
23.27 
22.78 
23.57 
23.58 
. 22.51 
23.88 
22.36 
24.72 
23.31 
25.93 
22.34 
12.65 
12.09 
19.97 
18.83 
18.87 
21.20 
20.70 
20.33 
22.27 
20.70 
20.40 
21.50 
20.97 
20.17 
24.27 
24.70 
24.17 
23.40 
25.03 
28.30 
22.70 
24.20 
22.70 
24.10 
24.23 
25.43 
25.20 
24.33 
22.67 
24.37 
23.43 
23.47 
23.73 
24.10 
22.63 
23.90 
22.63 
24.50 
23.23 
25.63 
22.10 
13.07 
12.17 
19.81 
18.80 
19.46 
21.69 
20.8% 
20.59 
22.46 
20.75 
20.71 
21.66 
20.98 
20.50 
24.26 
24.92 
24.29 
23.25 
24.89 
27.02 
22.83 
24.29 
23.31 
23.69 
24.40 
25.40 
25.83 
24.90 
23.08 
25.14 
23.73 
23.94 
23.88 
24.14 
23.27 
23.98 
23.43 
25.49 
23.66 
25.73 
22.92 
13.71 
14.58 
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Table Al. (Continued) 
sample 'ÎHT burrows Motomco °ven 
No. SS250 . : GACII ture 
% 
4503 
4504 
4505 
4506 
4507 
4508 
4509 
4510 
4511 
4512 
4513 
4514 
4515 
4516 
4517 
4518 
4519 
4520 
4521 
4522 
4523 
4524 
4525 
4526 
4527 
4528 
4529 
4530 
4531 
4532 
4533 
4534 
4535 
4536 
4537 
4538 
4539 
4540 
4541 
4542 
4543 
12.49 
11.67 
11.98 
13.50 
14.56 
10.37 
12.79 
12.52 
11.14 
10.21 
14.63 
12.03 
12.86 
11.98 
10.47 
11.64 
12.29 
12.94 
14.49 
11.83 
11.37 
12.45 
15.42 
11.03 
11.25 
16.89 
16.07 
15.66 
15.55 
16.79 
16.04 
15.89 
16.32 
15.69 
16.04 
16.41 
16.47 
17.26 
16.52 
15.94 
16.22 
12.47 
12.43 
11.90 
13.50 
14.67 
10.30 
12.80 
12.80 
11.47 
10.37 
14.83 
11.93 
12.40 
12.23 
10.43 
11.33 
12.53 
12.63 
14.40 
12.10 
11.07 
12.37 
15.10 
11.03 
10.93 
16.93 
16.13 
15.67 
16.00 
16.97 
16.20 
16.03 
16.57 
16.03 
16.43 
16.80 
16.67 
17.20 
16.73 
16.00 
16.40 
12.72 
11.75 
12.09 
13.80 
14.51 
10.24 
13.17 
12.41 
11.50 
10.36 
14.71 
12.37 
12.84 
12.01 
10.83 
11.62 
12.42 
12.95 
14.88 
11.69 -
11.74 
13.05 
15.03 
11.41 
11.41 
16.56 
16.13 
15.61 
15.66 
16.57 
16.22 
15.57 
16.21 
15.84 
15.93 
16.53 
16.51 
16.77 
16.47 
15.96 
16.11 
12.77 
12.43 
12.63 
13.82 
14.87 
10.43 
12.77 
13.13 
11.43 
10.73 
15.07 
12.13 
13.13 
12.27 
10.63 
11.13 
12.73 
13.07 
14.67 
12.30 
11.53 
12.80 
15.87 
11.30 
11.43 
17.23 
16.30 
15.90 
15.90 
16.80 
16.30 
16.20 
16.70 
15.97 
16.60 
16.70 
16.77 
17.43 
16.90 
16.37 
16.50 
14.32 
12.25 
14.21 
14.84 
14.70 
11.53 
14.06 
13.74 
12.19 
12.00 
15.91 
13.60 
14.42 
12.61 
12.09 
13.20 
12.91 
13.78 
15.66 
13.12 
12.30 
14.32 
16.10 
12.80 
13.40 
16.64 
15.73 
15.61 
16.33 
17.60 
16.73 
15.93 
16.80 
17.02 
15.89 
15.66 
17.07 
17.00 
16.55 
18.39 
16.20 
121 
Table Al. (Continued) 
sample Burrows Moto.co Zll 
No. SS250 " f GACII ture 
% % % 
4544 
4545 
4546 
4547 
4548 
4549 
4550 
4551 
4552 
4553 
4554 
4555 
4556 
4557 
4558 
4559 
4560 
4561 
4562 
4563 
4564 
4565 
4566 
4567 
4568 
4569 
4570 
4571 
4572 
4573 
4574 ' 
4575 
4576 
4577 
4578 
4579 
4580 
4581 
5001 
5002 
5003 
5004 
15.59 
16.68 
16.94 
16.48 
16.59 
15.68 
15.90 
15.99 
17.24 
15.95 
16.02 
15.78 
13.37 
12.81 
16.32 
13.83 
13.02 
16.37 
16.94 
13.61 
15.87 
14.31 
13.38 
17.32 
13.71 
13.96 
16.58 
14.40 
13.57 
16.47 
16.33 
13.58 
16.77 
15.14 
12.63 
16.94 
14.49 
14.38 
14.64 
12.56 
13.33 
15.14 
15.57 
16.77 
17.27 
16.07 
16.80 
16.27 
16.13 
16.00 
17.47 
16.30 
16.33 
16.57 
13.73 
12.97 
17.47 
14.10 
13.13 
• 16.97 
17.43 
13.83 
16.27 
14.53 
13.33 
17.77 
13.53 
13.93 
17.50 
14.67 
13.80 
16.83 
16.87 
13.60 
17.43 
15.30 
13.10 
17.77 
14.60 
14.17 
14.83 
12.67 
13.07 
15.03 
15.50 
16.65 
17.03 
16.37 
16.89 
16.14 
16.09 
16.46 
17.20 
16.49 
16.14 
16.42 
13.93 
13.56 
16.46 
14.11 
13.55 
16.92 
17.01 
14.11 
15.97 
14.80 
14.03 
17.64 
13.96 
14.27 
16.94 
15.13 
14.07 
16.70 
16.54 
14.41 
17.22 
15.44 
13.25 
17.22 
14.59 
15.00 
14.79 
12.95 
13.39 
14.82 
15.83 
16.93 
17.57 
16.60 
17.20 
16.47 
16.23 
16.37 
17.87 
16.37 
16.47 
16.70 
Ï4.17 
13.43 
17.10 
14.77 
13.50 
16.83 
17.33 
14.03 
16.47 
14.80 
13.87 
18.00 
14.40 
14.40 
17.50 
15.00 
13.87 
17.13 
17.03 
14.03 
17.13 
15.77 
13.23 
17.80 
14.93 
14.60 
14.%7 
12.80 
13.30 
15.20 
15.69 
16.55 
17.20 
16.43 
16.69 
16.17 
15.36 
17.04 
16.67 
16.15 
16.07 
16.84 
14.91 
14.79 
18.69 
14.35 
14.73 
16.66 
17.37 
16.55 
15.92 
16.22 
14.54 
17.38 
14.75 
15.24 
17.06 
15.44 
16.52 
17.34 
17.56 
14.57 
17.47 
16.48 
14.13 
17.41 
15.75 
16.28 
14.84 
13.91 
14.70 
15.21 
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Table Al. (Continued) 
Sample 
Stein-
lite Burrows 700 
% 
Motoraco 
919 
% 
Dickey-
john 
Oven 
mois­
No. SS250 
% 
GACII 
% 
ture 
% 
5005 14.22 14.37 14.61 14.47 15.51 
5006 13.52 13.63 14.18 13.77 14.61 
5007 15.19 15.03 15.38 15.23 15.74 
5008 16.02 15.50 16.06 15.90 17.29 
5009 12.07 11.73 11.97 11.80 13.02 
5010 14.69 14.53 14.49 14.67 14.44 
5011 13.62 13.47 14.00 13.77 14.26 
5012 14.61 14.50 14.88 14.60 15.51 
5013 15.93 15.73 15.81 16.27 17.13 
5014 13.65 13.27 14.01 13.80 15.78 
5015 14.60 14.17 14.60 14.63 16.15 
5016 14.60 14.73 14.71 14.67 14.81 
5017 12.39 12.10 12.45 12.17 13.71 
5018 10.80 10.93 11.40 10.97 12.53 
5019 13.99 13.93 13.72 14.17 14.14 
5020 14.71 15.00 14.92 15.07 16.18 
5021 13.90 13.87 14.02 14.20 15.67 
5022 12.16 12.40 12.41 12.50 12.70 
5023 12.36 12.33 12.88 12.67 14.49 
5024 13.23 13.47 13.85 13.47 14.83 
5025 15.56 15.37 15.57 15.33 16.54 
5026 12.41 12.40 12.83 12.63 13.58 
5027 13.50 13.00 13.70 13.53 14.64 
5028 16.08 16.07 16.05 16.17 15.58 
5029 16.93 16.77 16. 85 16.93 16.48 
5030 14.12 14.27 14.30 14.67 14.89 
5031 15.67 15.87 15.79 16.00 16.09 
5032 16.77 16.87 16.62 17.00 17.15 
5033 14.18 14.20 14.08 14.57 14.86 
5034 16.92 16.37 16.59 16.73 16.78 
5035 15.75 15.57 15.87 15.97 16.07 
5036 13.47 13.83 13.50 14.03 14.21 
5037 16.56 16.10 16.16 16.37 16.41 
5038 15.67 15.87 15.71 15.83 15.64 
5039 16.17 16.33 16.10 16.17 15.55 
5040 16.84 17.03 16.85 17.33 17.09 
5041 15.37 15.40 15.55 15.57 15.72 
5042 16.09 15.90 16.21 16.10 17.02 
5043 15.67 15.70 15.41 15.93 15.69 
5044 15.77 15.87 15.97 16.03 16.35 
5045 14.42 14.47 14.82 14.80 - 15.00 
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Table Al. (Continued) 
sample burrows Motomco ^ 
No. SS250 GACII ture 
% % % 
5046 
5047 
5048 
5049 
5050 
5051 
5052 
5053 
5054 
5055 
5056 
5057 
5058 
5059 
5060 
5061 
5062 
5063 
5064 
5065 
5066 
5067 
5068 
5069 
5070 
5071 
5072 
5073 
5074 
5075 
5076 
5077 
5078 
5079 
5080 
5081 
16.92 
16.09 
13.80 
16.71 
14.00 
16.20 
16.22 
14.17 
14.88 
16.58 
14.99 
13.83 
17.03 
15.34 
14.95 
16.42 
15.95 
13.73 
16.39 
15.24 
13.77 
16.88 
15.43 
13.66 
17.43 
14.58 
15.34 
16.34 
16.19 
13.25 
16.49 
14.94 
14.85 
16.71 
14.89 
14.45 
16.70 
16.03 
13.97 
17.00 
14.17 
16.53 
16.13 
14.30 
14.93 
16.70 
14.87 
13.77 
17.03 
15.20 
14.50 
16.33 
15.97 
13.77 
16.67 
15.47 
13.80 
17.13 
15.17 
13.87 
17.43 
14.63 
15.07 
16.30 
16.40 
13.23 
16.47 
14.80 
14.63 
16.87 
15.13 
14.47 
16.48 
16.33 
14.02 
16.73 
14.22 
16.62 
16.36 
14.20 
14.78 
16.72 
15.01 
14.08 
17.29 
15.59 
15.45 
16.84 
16.32 
14.59 
16.39 
15.63 
14.36 
16.94 
15.89 
14.32 
17.14 
14.96 
15.70 
16.65 
16.51 
13.80 
16.55 
15.39 
15.17 
16.91 
15.28 
15.20 
16.87 
16.37 
14.10 
16.90 
14.37 
16.50 
16.23 
14.37 
15.17 
16.87 
15.03 
14.00 
16.97 
15.40 
15.13 
16.63 
16.23 
14.03 
16.37 
15.47 
14.33 
17.27 
16.00 
14.30 
17.73 
15.33 
15.33 
16.43 
16.37 
13.30 
16.80 
12.60 
15.03 
17.00 
15.43 
14.73 
18.59 
16.51 
13.80 
17.51 
14.11 
16.82 
16.21 
13.93 
15.35 
17.00 
15.87 
15.06 
17.26 
16.12 
16.27 
16.68 
19.09 
20.74 
16.76 
16.43 
15.63 
16.84 
16.65 
14.87 
18.07 
15.43 
19.78 
17.05 
21.89 
16.52 
17.23 
15.65 
16.26 
17.33 
16.24 
18.58 
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Table A2. Corn quality data 
S:n 'ff- 95®®" 
ibs/bu * % T i:%x 
4055 52.4 — —  — —  2.5 3.7 
4056 51.5 —  —  33.0 12.7 
4057 50.5 2.4 3.6 24.7 22.3 
4058 52.9 —  —  —  —  4.7 4.7 
4059 51.7 0.2 0.6 9.6 13.7 
4060 49.4 1.7 3.2 24.4 17.3 
4061 52.4 —  —  —  —  6.4 4.7 
4062 51.5 0.3 0.8 10.9 11.0 
4063 51.4 3.3 4.8 18.9 26.0 
4064 52.5 —  —  3.2 7.7 
4065 52.1 0.5 1.1 29.1 12.3 
4066 50.3 2.9 4.7 23.1 22.0 
4067 51.9 — 5.5 6.0 
4068 52.2 0.4 0.8 11.4 8.3 
4069 50.7 2.8 4.0 16.1 18.5 
4070 52.3 —  —  3.4 4.3 
4071 52.6 0.8 1.0 28.0 10.0 
4072 51.9 1.5 3.3 38.3 21.3 
4073 52.5 —  —  —  —  5.4 3.3 
4074 51.8 0.6 0.9 8.2 8.0 
4075 49.9 4.0 6.4 32.3 39.7 
4076 52.5 —  —  —  —  6.7 7.3 
4077 53.1 0.4 0.8 31.2 10.7 
4078 50.8 1.6 3.3 21.2 20.7 
4079 53.0 —  —  4.3 4.3 
4080 51.1 0.5 1.0 7.4 6.3 
4081 51.1 2.8 5.7 21.4 38.3 
4501 60.5 — —  — —  3.2 5.0 
4502 52.9 — —  — —  41.2 39.7 
4503 53.1 — —  — —  32.0 33.0 
4504 61.9 — —  — —  13.0 7.3 
4505 53.2 — —  — —  28.3 49.7 
4506 54.0 —  —  —  —  •  25.1 33.3 
4507 58.1 — —  5.6 4.7 
4508 52.3 — —  — —  50.0 27.3 
4509 52.1 — —  28.5 59.0 
4510 57.5 — —  — —  23.7 5.3 
4511 54.3 —  —  — —  46.7 19.7 
4512 52.6 —  —  —  —  53.4 27.3 
4513 58.0 — —  — —  15.4 6.0 
4514 53.0 — —  —  —  36.8 38.0 
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Table A2. (Continued) 
Test Larae Stein Fast 
Sample • BCFM w f break- green 
a » "r- T iSL 
4515 55.1 —  —  30.6 22.0 
4516 57.8 —  —  —  —  11.1 6.7 
4517 53.0 38.8 41.7 
4518 52.2 —  —  —  —  34.7 64.5 
4519 58.8 — —  24.8 6.0 
4520 53.9 —  —  22.7 28.5 
4521 53.8 — —  —  —  13.8 36.0 
4522 57.3 .  —  —  23.8 8.0 
4523 52.3 —  —  —  —  36.6 38.3 
4524 52.2 — —  —  —  28.9 41.3 
4525 59.0 — —  —  —  7.0 9.0 
4526 52.4 —  —  —  —  34.4 41.7 
4527 52.8 —  —  43.8 41.7 
4528 59.5 —  —  4.5 6.7 
4529 58.6 —  —  — —  8.3 6.7 
4530 58.8 — —  10.1 23.0 
4531 59.5 —  —  — —  5.7 1.0 
4532 58.7 — —  3.5 5.3 
4533 58.6 — —  — —  8.2 3.7 
4534 59.6 —  —  — —  9.4 3.7 
4535 59.0 —  —  9.0 7.3 
4536 58.7 — —  — —  8.7 8.7 
4537 59.8 — —  — —  4.9 2.3 
4538 59.2 —  —  — —  7.1 10.0 
4539 57.9 5.8 7.7 
4540 60.7 — — " •  —  1.9 2.0 
4541 59.5 —  —  — —  7.1 4.3 
4542 59.2 — —  9.5 14.3 
4543 60.2 — —  —  —  6.4 5.3 
4544 60.2 — —  — —  7.4 7.0 
4545 58.4 — —  15.6 9.3 
4546 59.1 — —  — —  12.5 0.0 
4547 57.8 — —  — —  18.0 10.7 
4548 56.8 — —  —  —  13.5 17.3 
4549 57.0 — —  21.9 6.3 
4550 57.4 — —  17.8 19.7 
4551 56.1 — —  — —  20.1 9.3 
4552 58.6 —  —  10.1 1.7 
4553 57.0 —  —  —  —  17.1 12.3 
4554 58.1 — —  — —  19.5 6.7 
4555 56.3 —  —  —  —  17.7 5.0 
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Table A2. (Continued) 
Test Large Stein Fast 
weight BC™ broken break" SJ®®" 
Ibs/bu ' % -f 
4556 54.3 —  —  23.5 12.7 
4557 53.2 — —  —  —  30.5 28.0 
4558 56.9 — —  17.3 4.7 
4559 54.7 — —  —  —  33.7 8.3 
4560 51. 8 — —  — —  34.7 23.0 
4561 56.5 — —  * —  —  27.5 3.3 
4562 54.1 — —  —  —  24.8 5.7 
4563 53.6 —  —  — —  29.6 44.3 
4564 57.2 — —  25.9 4.0 
4565 54.9 —  —  — —  18.7 14.7 
4566 52.5 — —  —  —  39.4 33.0 
4567 55.5 — —  —  —  25.6 3.7 
4568 55.2 — —  — —  27.9 9.3 
4569 53.4 — —  — —  19.0 36.7 
4570 55.9 — —  — —  14.5 4.0 
4571 55.0 —  —  — —  18.9 4.3 
4572 53.6 —  —  28.0 36.0 
4573 56.6 — —  — —  16.1 2.7 
4574 55.0 —  —  — —  17.8 10.3 
4575 51.9 .  — —  — —  40.0 50.0 
4576 56.6 — —  18.3 4.7 
4577 55.3 — —  24.0 12.3 
4578 54.7 — — —  25.3 20.7 
4579 57.1 —  —  — —  16.3 3.7 
4580 54.1 — —  — —  28.3 14.7 
4581 53.2 —  —  27.8 33.0 
5001 60.6 — —  1.8 4.3 
5002 55.1 —  —  15.9 39.3 
5003 54.7 —  —  — —  12.6 36.3 
5004 58.5 — —  3.6 5. 0 
5005 54.8 —  —  — —  9.8 26.7 
5006 55.5 — —  — —  11.2 40.3 
5007 57.5 — —  — —  6.9 4.3 
5008 53.5 — —  20.9 41.7 
5009 52.6 — —  18.7 45.0 
5010 59.5 — —  3.0 4.7 
5011 56.2 — —  11.5 18.7 
5012 54.9 —  — —  12.8 21.0 
5013 59.4 — —  2.7 8.0 
5014 54.5 — —  15.3 25.3 
5015 56.5 — —  9.7 24.0 
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Table A2. (Continued) 
_ . J Stein Fast 
weight broken break- green 
Ibs/bu » % T inSx 
5016 60.5 — —  — —  1.8 6.7 
5017 54.8 —  —  13.0 39.7 
5018 54.0 — —  18.5 52.0 
5019 59.5 — —  —  —  3.0 7.5 
5020 55.9 — — —  —  18.1 22.7 
5021 55.7 — —  —  —  10.4 26.0 
5022 58.8 —  —  3.9 4.7 
5023 54.1 — —  — —  12.0 45.7 
5024 53.7 —  —  — —  13.5 31.3 
5025 59.4 — —  2.2 9.0 
5026 54.2 —  —  • —  —  13.5 36.3 
5027 53.3 — —  21.1 17.7 
5028 60.3 — —  2.0 5.0 
5029 58.7 —  —  — —  3.0 10.0 
5030 59.5 —  —  5.5 12.7 
5031 60.6 —  —  —  —  2.5 5.7 
5032 59.2 —  —  2.5 4.7 
5033 58.9 —  —  —  —  7.1 13.7 
5034 60.2 — —  — —  2.0 2.3 
5035 59.5 — —  — —  4.8 5.3 
5036 60.0 —  —  4.0 5.7 
5037 60.8 — —  3.4 1.3 
5038 59.9 — —  — —  3.8 8.3 
5039 58.6 — —  — —  4.9 16.7 
5040 61.1 — —  2.1 1.3 
5041 60.0 —  —  — 4.3 6.7 
5042 59.6 —  —  — — 4.4 13.3 
5043 61.1 — — • 2.0 6.7 
5044 60.0 —  —  3.6 4.7 
5045 59.5 — —  — —  5.2 11.7 
5046 61.0 —  —  — —  2.6 2.0 
5047 58.7 —  —  6.9 13.7 
5048 58.5 — —  — —  8.6 16.3 
5049 59.1 — —  — —  2.9 2.7 
5050 58.6 — —  — —  4.1 11.0 
5051 56.6 — —  — — 10.7 19.7 
5052 60.1 — —  — —  3.1 2.7 
5053 58.6 — —  — —  7.1 7.3 
5054 59.0 —  —  — —  7.3 10.7 
5055 56.9 — —  — —  3.8 3.7 
5056 55.4 — —  5.8 7.3 
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Table A2. (Continued) 
Test Larcie Stein Fast 
Sample broken break- green 
5057 54.4 — —  12.5 35.7 
5058 57.4 — —  —  —  4.2 2.3 
5059 55. 8 — —  6.3 10.3 
5060 52.8 —  —  17.1 40.0 
5061 57.0 —  —  2.5 4.3 
5062 55.8 —  —  — —  5.4 2.7 
5063 54.4 — —  12.7 51.3 
5064 58.2 —  —  —  —  4.5 8.7 
5065 55.9 — —  7.9 15.7 
5066 54.3 — —  —  —  13.8 36.3 
5067 56.4 — —  5.8 5.7 
5068 54.4 — —  20.2 35.7 
5069 55.1 —  —  —  —  12.6 28.0 
5070 56.7 3.8 5.3 
5071 56.3 —  —  12.3 14.7 
5072 54.9 — —  13.3 28.3 
5073 57.2 —  —  —  —  2.5 5.3 
5074 55.8 — —  6.7 10.7 
5075 53.2 — —  —  —  25.2 56.7 
5076 57.6 —  —  — —  8.1 7.0 
5077 56.6 — —  9.1 6.3 
5078 54.2 — —  17.1 33.7 
5079 58.4 — — — —  3.9 0.3 
5080 55.4 — —  — —  9.7 8.7 
5081 54.2 —  —  14.8 18.7 
